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(54) Thermosetting powder coating composition and curing agent composition 



(57) A thermosetSng powder coating conpositkm 
prepared by a wet iiM'ocess, which contains a mixbjre 
comprising (a) an epoxy-containing acrylic resin, (b) a 
polycarboxyllc acid compound curing agent, (c) fine 
crosslinked resin particles and/or (d) a resin that exists 
in the liquid form at room temperature. 

FIQ.1 



Further claimed is a curing agent for epoxide res- 
ins, comprising a crystalline potycarboj^ltc connpound 
and a disamilar carboxylte acid compound. 
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Description 

BACKGROUND OF THE INVEmiON 

5 FIELD OFTHE INVENTION 

[0001] The present invention relates to thermosetting powder coating compositions and curing agent composriions, 
and more particularly to thermosetting powder coating compositions excellent In storage st^iltty and capable of pro- 
viding coating films with excell^ appearance and also to cnjring agent compositions for use in the thermosetb'ng pow- 

10 der coating compositions. 

DESCRIPTION OF RELATED ART 

p)002] Powder coatings which do not release organic solvents to an atmo^here have been widely noted as eco- 
15 friendly coatings. 

Ip003] Currently, the use of themiosetting powder coatings is popular in the powder coating field for their ability to 
provide coating films e}a:ellent in perfonnances and physical properties. For tha'r Explication to automotive bodies, the 
Improvements in anoothness and appearance of resulting films have been demanded. One technique used to Improve 
the film smoothness is the thick application of powder coatings. Another technique is the use of powder coatings pre- 

20 pared from the materials having low melt viscosity. While effective in achieving some improvements in smoothness and 
appearance of resulting films on automobile horizontel portions such as a hood and the like, these techniques have suf- 
fered from the prdslem. That is, the powder coatings ^iplied onto automotrile vertical portions such as doors and the 
lite, when subsequently heated and melted, result In coating films vih\tit\ show a marked reduction In smoothness and 
appearance as a result of the occurrence of sagging. 

25 |p004] The incorporation of fine crosslinked reran particles, called microgels, to prevent the occurrence of egging 
is known in the solvent-borne coating field. For example, Japanese Patent Laylng-Open Nos. Sho 49-97026 (1974) and 
Sho 60-250068 (1 985) disclose tet^niques which contempl^ to reduce sag^'ng and accordingly improve film appear- 
ance by adding mnrogels to top coatings, 

[0005] In the powder coating field, the use of powder coatings containing fine crosslinked resin particles is dis- 

30 closed, for example, in Japanese Patent trying-Open Nos. Sho 62-97026 (1 987). However, such powder coatings are 
prepared by mixing dry fine particles of crosslinked resin under a solvent-free condition. During the mixing, the 

crosslinked resin particles are often caused to locally form agglomerates. This disturbs uniform distribution thereof to 
result in tfie unsatistactory smoothness and appeEuance of twining coating films. In the case where a melt mixing 
process is added to precede the dry mixing process, a mE^oilty of fine particles of raosslinked re^n are caused to 
35 deposit on surfaces of reciting powder coating particles. When such povKler coating particles are applied and subse- 
quently heated, the interaction is caused to occur between the fine crosslinted resin particles. This has led often to the 
Insufficient smoothness and af^earance of resulting coating films. 

[0006] Powder coatings, when heated to melt, result in coating films. However, such coating fifrns show the InsufR- 
cient smoothness compared to those obtained from solvent-borne coatings. In order to improve the smoottiness of 

40 resulting coating films, the melt viscosities of components contained In tiie powder coatings, i.e., the melt viscosity of 
raw material must be reduced to improve the fluidity thereof during melt 

[0007] One approach to lov^r the melt visco^ of raw material may be the use of low-melting point or low-molec- 
ular-weight sidsstances for the raw material While effective In Improving the smootiiness of resulting films, ttieir use has 
also led to the reduction in storage properties, sixAi as resistance to t)kxAing and soHd reaction. The difficulty has thus 

4S been to reconcile the storage stability of the coating composition and the smoothness of resulting film. 

p)008] In Japanese Patent Laying-Open No. Hei 9-1 0041 4 (1 997). a method is disdosed which produces thermo- 
setting resin particles having a narrow particle size distribution by utilizing a wet process. Since the tiiermosetting resin 
particles are produced In an aqueous medium, tiielr use has led to the improvement In one of storage properties, i.e., 
resl^nce to solid reaction. It has been unsatlsftu^tory, however, to reconcile the blockhg resistance of the powdercoat- 

50 ing composition and the smoothness of the obtaining film. 

[0009] Among thermosetting powder coatings, acrylic-based coatings, when fonned into films, provide excellent 
performances and physical properties. The resulting films however suffer from a problem of poor appearance, called a 
hazing phenomenon. This phenomenon Is known to often occur when a large amount of polyba^c add Is used as a 
curing agent. If the reduced amount of potybaste acid is used to suppress the occurrence of such a hazing phenonne- 

55 non, the perfomances and physical properfies of resulting films then t>ecome Insufficient Also, there exists no polyt>a- 
sic acid which can act to Improve performances and physical properties of resulting films while controlling the 
occurrence of the hazing phenomenon, so far as we know. 



2 



EP1 055694A2 



SUMMARY OF THE INVENTION 

[0010] It is a first object of the present invention to provide a thennosetting powder coating composition wiiich, 
when applied and ttien heated, shows no occunence of sagging to result in coating films with satisfactory smoothness 
5 and appearance. 

[00111 It is a second object of the present invention to provide a thennosetting powder coating composition which 
has an excellent storage stability and can be fonned Into films with excellent smoothness. 

IP012] It Is a third object of the present invention to provide a curing agent composition which, when used as a cur- 
ing agent for acryfrc based powder coatings, serves to provide films which show no occun'ence of hazing phenomenon, 
10 and also to provide a method of producing the curing agent composition. 

[0013] In accorclance with a first aspect of the invention, a thennosetting powder coating composition is provided 
which is prepared by a wet process from a formulation containing an epoxy-containing acrylic resin (a), a polycartxixyllc 
acid compound curing agent (b) and fine crossfinked resin particles (c). 
[0014] The above-stated wet process preferably Includes the following steps: 

T5 

1 . The above-described formulation components are allowed to dissolve or disperse In en organic solvent to pro- 
vide a raw material solution. 

2. The raw material solution obtained in step 1 1s added to an aqueous solution containing a water-soluble polymer 
that has a cloud point within the terrperature range of 30 - 90 "C and mix them at a temperature below the cloud 

20 point to thereby prepare a suspension containing primary oil particles. 

3. The suspension obtained in step 2 was heated to a temperature equal to or above the cloud point to fbmi sec- 
ondary oil partides and the organic solvent was distilled off to collect particles. 

10015] The aforementioned epoxy-contalnlng acrylic resin (a) contains an epoxy-containing acrylic resin A and an 
» epoxy-containing acrylic resin B. These acrylic resins A and B preferably satisfy the following relationships: 

(1) (SPa - SPb) is within the range of 0.2 - 1.5. where SP^ = solubiHty parameter of resin A and SPg = solubility 
parameter of resin B; 

(2) Tg(A) - Tg(B) »^0°0, where Tg(A) = glass transition temperature of tesin A and Tg(B) = glass tfansNon tem- 
30 perature of resin B; 

(3) Tg(A) is within the range of 40 - 100 »C and Tg(B) Is within the range of 20 - SO "C; and 

(4) A ratio In solid weight of resin A to B is within the range of S/35 - 50/50. 

10018] The aforementioned fomnulatlon may further contain a resin (d) that exists In the liquid foren at room temper- 
as atureand preferably satisfies the following relationships: 

(1 ) (SPb - SPJis within the range of 0.01 - 1 A »*here SPj is solubility parameter of resin (d); and 

(2) A solids weight of the resin (d) Is 5 - 70 parts, based on 1 00 parts of a total solids weight of the epoxy«ontalnlng 
acrylic resin (a) and resin (d). 

40 

[0017] In accordance with a second aspect of the present invention, a thermosetting powder coating composition 
is provided which is prepared by a wet process from a formulation containing an epoxy-containing acrylic resin (a), a 
polycartioxylic add compound curing agent (b) and a resin (d) that exists In the liquid form at room temperature. 
[0018] The above-stated wet process preferably includes the following steps: 

45 

1. A raw material solution Is fonned by allowing the above-described formulation to dissolve or disperse In an 
organic solvent 

2. The raw material solution obtained in step 1 1s mixed with an aqueous solution containing a watersoluble poly- 
mer which shows a doud point at a temperature within the range of 30 - 90 °C to prepare a suspension containing 

so primary oil partides. 

3. The suspension obtained in step 2 was heated to a temperature of not below the doud point to prepare second- 
ary oil particles while removing the organic solvent to collect particles. 

[0019] The aforementioned epoxy-containing acrylic resin (a) may contain an epoxy-containing acrylic resin A and 
55 another epoxy-containing acrylic resin B. The formulation components preferably satisfies the following relationships: 

(1 ) A number average molecular weight of resin A is In the range of 2,000 - 4,000; 

(2) Tg(A) Is within the range of 40 - 100 °C where Tg(A) = glass transition temperature of resin A; 
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(3) Tg(A) - Tg(B) s 10 *C, where Tg(B) = glass transition temperature of resin B; 

(4) (SPft - SPb) is wittiin the range of 0.2 - 1.5, where SP^ = solubility parameter of resin A and SPg = solubility 
parameter of resin B; 

(5) A solids amount of resin B !s 50 - 95 % by weight of the total solids of ep«(y-contaInlng acrylic resin (a); 
s (6) (SPb - SPd) is wittiin the range of 0.01 - 1 .5, where SPj = solubility parameter of resin (d); and 

(7) The solids amount of resin (d) is 5 - 70 parts by weight, based on 1 00 pans by weight of the total solids of the 
afbremerrtioned epoxy-containing acrylic resin (a) and resin (d). 

[0020] In accordance witti a third aspect of the Invention, a curing agent composition (b) is provided which contains 
to a polycarboxylic acid compound (b-1 ) that exists in the crystalline solid form at room lenDperature, and a cait>oxylIc acid 
compound (b-2) dissimilar in type to the polycarboxylic add compound (b-1). Characteristically, the curing agar* com- 
position satisfies the Ibllowing relationships: 

(1) The curing agent composition (b) exists In the solid form at room temperature; and 
IS (2) A melting point of the curing agent composition (b), as determined by DSC (diflerential scanning caJorimeter), 
Is lower than a melting point of the polycattioxyllc add compound (b-1) orthe carboxyllc acid compound (b-2). 

[0021] The meWng point of the curing agent composHlon (b) is preferably within the 60 - 1 80 °C range. 
[0022] Preferably, the melting point of the curing agent composition (b) is lower than the melting point of the poiy- 
2P carboxylic acid compound (b-1) and lower than the melting point of the carboxyllc add compound (b-2). 

[0023] Preferably, a ratio in weight of the polycarboxylic add compound (b-1) to catboxyfic add compound (b-2) Is 

60:50-99:1. 

[0024] A multilayer fiiirvloiming method of ttie present Invention Includes tlie steps of: 

2s applying a basecoat onto an undercoated and optionally Intercoated substrate; 

applying the powder coating composition of the present invention onto the basecoat; and 
heating the substrate carrying thereon the basecoat and powder coating i^rs. 

[0025] A multilayer fllm of the present invention Is the multilayer film prepared accoRlng to the above-described 

30 muitUayerfilm-forming method. 

BRIEF DESCRIPTION OF THE DRAWING 
[0026] 

3S 

Hgure 1 is a graph showing an illustrative DSC absorption curve from the curing agent composition of the present 

invention. 

DETAILED DESCRIPTION OF THE INVENTION 

40 

[0027] The terni "room temperature", as used herein, refers to 25 "C. The "solid form" means the state wherein a 
sutistance has definite volume and configuration. The "liquid fomi" means the state wherein a substance has a definite 
volume but does not have a definite configuratiDn. 

« THERMOSETTING POWDER COATING COMPOSITION 

[0028] The thermosetting powder coating composition according to the first aspect of the Invention is prepared by 
a wet process and contains, as raw material, an epo)y^ntaining acrylic resin (a), a polycarboxylic add compound cur- 
ing agent (b) and fine cfossllnked resin partfeles (c). 
5D [0029] The themiosettlng powder coating composition according to the second aspect of the Invention is prepared 
by a wet process and contains, as raw material, an epoxy-containing acrylic resin (a), a polycarboxylic add compound 
curing agent (b] and a resin (d) that exists in the liquid form at room tempetatureL 

EPOXY-CONTAINING ACH YLIC RESIN fa) 

SB 

[0030] The epoxy-containing acrylic resin (a) Incorporated in the themiosettlng powder coating composition of the 
present invention Is not particularly specified In type, and Its specific example Is a resin prepared by polymerizing at 
least one type of epoxycontainlng monomer, optionally with other type of monomer that does not undergo a reaction 
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with an epoxy group of the epoxy-containing monomer, according to a conventional procedure. Examples of epoxy-con- 
taining monomers tndude glycidyl (metti)acry!ate, 2-methyl glycidyl methacrylate and the like. Examples of optional 
monomers which do not react with an epoxy group of the epoxy-containing monomer indude hydroxyl-containing mon- 
omers such as 2-hydrDxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 4-hydroxybutyI aoylate, addition prod- 

5 ucts (product name: PLAXEL FM Series, manufactured by Daicel Chem. Ind. Co., Ltd.) of 2-hydroxyethyl (meth)acrylate 
and polycaprolactone and polyalkylene glycol mono (meth) acrylates ; and neutral monomers such as methyl 
(meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)aciylate, isobutyl {meth)acrylate, tsrt-butyl (meth)acrylate, styrene, 
vinyl toluene, p-chlopo styrene and the like. The above-listed epoxy-contalning monomers may be used alone or In any 
combination thereof. Similarly, the above-listed optional monomers may be used alone or in any combination thereof. 

10 [0031] The aforementioned epoxy-containing acryfic resin (a) is preferably present in the solid form at room tem- 
perature. 

[0032] The SP (st^ubility parameter value of the epoxy-containing acrylic resin (a) is not partkuilarly ^aedfied, but 
is generally in the range of 9.0 - 12.0, preferably in the range of 9.0 - 11.0, more preferably In ttie range of 93 - 11.0. 
The SP values can be detemiined by a method known to those skilled In the art. such as a tutbldlmetry method. 
IS [0033] The Tg (glass transition temperature) of the epoxy-containing acrylk; resin (a) is not particularly specified, 
but Is preferably In the range of 20 - 1 00 'C. Tg's can be determined by a differential scanning calorimeter. Alternatively, 
Tg's can be calculated from simultaneous equations including a given condition on a ratio of comonomeric units having 
known Tg's. 

[0034] The epoi^-containing acrylic resin (a) may comprise one or more types of epoxy-containing acrylic resins. 
20 For example, a ttiermosetting powder coating composition which provides coating films having 'ir^roved blocking 
resistance and smoothness can be obtained if the epoxy-containing acrylic resin (a) comprises two different types of 
epoxy-containing acrylic resins A and B which preferably satisfy tiie following relafionships: 

(1) (SPft- SPb) is within the range of 0.2 - 1 A where SP^ = solubility parameter of resin A and SPb = solubility 
25 parameter of resin B; 

(2) Tg(A) - Tg(B) a 10 °C, where Tg(A) = glass transition temperature of resin A and Tg(B) = glass transition tem- 
perature of resin B; 

(3) Tg(A) is within the range of 40 - 100 ''C and Tg(B) is vrithin the range of 20 - 50 *'C; and 

(4) A ratio in solids weight of resin A to B Is wtthin the range of S/95 - 50^. 

30 

[0035] The aforementioned resins A and B m^ or not be reactive with each other to undergo a curing reaction 
when heated. Since the thennosetting powder ooadng composition of tiie present invention further includes the below- 
described curing agent, even the resins A and B of the latter case, when heated, are caused to cure via the reaction 
with the curing agent This assures sufTlcient performances of resulting coating films. 

35 [0036] If (SPa- SPb) < 0.2, the blocking resi^nce of the resulting powder coatings may deteriorate during storage, 
if (SPa - SPb) > 1 .5, the resulting powder coatings, when formed into films, nrffly provide the poor appearance. 
[0037] If Tg(A) - Tg(B) < 1 0 "C, the blocking resistance of the resulting powdercoatings may deteriorate during stor- 
age. As stated above, Tg(B) is preferably within the range of 20 - 50 "C. If Tg(B) Is lower than 20 <>C the bk>cklng resist- 
ance of the resulting powder coatings may deteriorate during storage. On the other hand, if Tg(^ is hlgherthan 50 *C, 

40 the resulting powder coatings, when formed into films, may provide the poor smoothness. 

[0038] Also, a number average molecular weight of the resin A is preferably in tiie range of 2,000 - 4,000. If it is 
Ifwer than 2,000. the bk>cking resistance of the resulting powder coatings may deteriorate during storage. On the ottier 
hand. If It is higher than 4,000, the resulting povKler coatings, when fornied into films, may pro\ride the poor smooth- 
ne^. 

45 [0039] As also stated above, Tg{A) is preferably within the range of 40 - 100 "C. If Tg(A) is lower than 40 "C, the 
blocking resistance of the resulting powder coatings may deteriorate during storage. On the other hand, if Tg(A) is 
hlgherthan 100 °C. the resulting powder coatings, when fornied Into films, may provide tiie poor smoothness. 
[0040] A resin solids of the epoxy-containing acrylic resin (a) for use in the themiosetting powder coating composi- 
tion generally amounts to 1 00 - 1 ,000 epoxy equivalents. t=br the further Increased performances and phy^cal prt^r- 

so ties of resulting films, flie epcocy equivalent Is preferably adjusted to fall within the range of 1 50 - 600, more preferably 
witiiin the range of 200 - 4(K). 

PQLYCARBOXYLIC ACID COMPOUND CURING AGENT tb) 

55 [0041] The thermosetting powder coating composition of the present Invention further contains a poli«sirtx)xylic 
acid compound curing agent (b). The polycarboxylic acid compound curing agent (b) preferably exists in the solid fonn 
at room temperature. While not partk;ularty specified, a melting point of the polycarboxylic acid compound curing agent 
(b) is preferably In the range of 60 - 1 80 "C^ mors preferably in the range of 80 - 1 50 If tiie melting point is lower than 
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60 "C the storage stability of the resulting powder coatings may deteriorate. If It is higher than 1 80 "C, the resulting pow- 
der coatings, when formed into films, may provide the unsatisfactory smoothness and appearance. 
[0042] Representative of the polycarboxylic add compound airing agent (b) incorporated in the thermoseoing pow- 
der GoaiSng composition of the present invention are allphaHc polycarbcscylic actd compounds and aromatic polycarbf»c- 

5 ylic acid compounds. Examples of aliphatic poFycarboxylic acid compounds include decanedicarboxylic acid, adipic 
acid, maleic acid, malonic acid, ethylmalonic acid, butylmalonic acid, dimethylmalonic acid, succinic acid, methylsuc- 
dnic acid, dimett^lsuccinic acid, glutaric acid, methylglutaric acid, dimethylglutaric acid, sebacic acid, azelaic add, 
pimellc acid, suberic add, 1,11-und«»noIc add, dodecane dicarboxyllc add, brassillc add, h^cadecane cartxsqrllc 
add, 3-iso-odylhexane dlcarb(»(yfic add, cyclohexane dlcartxncylic add, butane tricarb(»^lc acid, butane tetra-caibox- 

10 ylic acid, citric acid, tricarballylic acid and the like. 

[0043] Examples of aromatic polycarboxylic acid compounds include phthalic acid and the like. Anhydrides thereof 
can also be used, examples of which include sucdnic anhydride, tetrahydrophthafic anhydride, phthalic anhydride and 
the like. 

p)044] Otherthan the ^ove-described compounds, synttiesized polycarboMyllc add compounds can also be used 
IS for the polycarboxylic add compound curing agent (b) of the present invention. Spedlically, they may be polycart>oxylic 
acid compounds, for example, obtained via reactions of polyols with acid anhydrides. Examples of such confounds 
include butanediol sucdnate prepared from butanediol and succinic anhydride, hracanediol succinate prepared from 
hexanedlol and sucdnic anhydride, nonanedtol sucdnate prepared from nonanediol and sucdnic anhydride, 1 :1 :1 addi- 
tion product of neopentyl glycol, trimellrHc anl^ride and sucdnic anhydride. 
20 p)045] For the polycsirboxyllc acid compound curing agent (b), the above-listed polycarboxylic add compounds 
may be used In any combination thereof. 

[0046] From the viewpoint of film appearance, the polycarboxylic add compound curing agent (b) may preferably 
comprise tiie curing agent composition according to the third a^Md of the present Invention. That is, the prefemsd poly- 
carbcscylic actd compound curing ^ent (b) contains a polycarinsc^ic add compound (b-1 ) that exists in the crystalline 
25 solid fom at room temperature, and a cartooxylte add compound ^-2) dissimilar in type to the polycaiboacyfic; add com- 
pound (b-1 }, and also satisfies the ft^lowing conditions: 

(1) The polycaibox^ acid compound curing agent (b) exits in the solid form at room t^peratur^ and 

(2) A melting point of the polycart>oxylic acid compound curing agent (b), as determined by a differential scanning 
30 calortneter (hereinafter refenred to as DSC), is lower than a melting point of the polycartaoxyllc add compound (b- 

1) orcarboxyllc add compound (b-2). 

p047I Among the polycarboxylic acid compounds dest^bed ^ove as being present In the solid form at room tem- 
perature, those which exist in the crystalline soRd form at room temperature may be used for the polycarboxylic acid 

35 compound (b-1). Forthepolycarisoxylic acid compound (t}-1), such polycarboxylic acid compounds maybe u^dlnany 
combination thereof. 

[0048] "Rie cari50xylic acid compound (b-2) dissknilar in type to the above-described polycarboxylic acid compound 
(b-1 ) Is not particularly spedfied, and may be chosen, for ^cample, from potycariscscylic add compounds that exist in the 
crystalline solid fonn at room temperature, as refen^d to in the description of the polycarboxylic add conrtpound (b-l); 

40 polycartsoxyllc acid compounds that exist in the amorphous solid or liquid form at room temperature; and monocartrox- 
ylic acid compounds which do not have a definite form at room temperature. Spedfic examples of useful carboxyllc acid 
compounds (b-2) may be those which exist in the liquid form at room temperature, induding aliphatic morK>carlx)xyiic 
acid compounds such as [auric acid, stearic add and 8-ethyloctadecanoic add; 1 :2 addition product of nonanediol and 
hexahydrophthalic anhydride and the like. The atxive-described carboxyRc add compounds (b-2) may be used in any 

45 combination thereof. 

[0049] A melting point of the polyrarboxylic acid compound curing agent (b), which contains the polycarbtatyRc add 
compound (b-1) and carbo)vl(c add compound (b-2), is not particularly specified. For the better film appearance, it is 
preferably below a melting point of the polycarbcscylic add conrqsound (t>-1) or cartxscylic add compound (l>2). Mora 
preferably, it is lower than the respective melting points of the polycarisoxyllc add compound (b-1 ) and cariscscylic add 

50 compound (b-2). 

[Ot^O] For the purposes of this disclosure, respective melting points of the polycarboxylic acid compound curing 
agent (b), polycartDcaq^ltc acid compound (b-1) and carboxyllc acid compound (b-2) are given by DSC-detemiined val- 
ues. The melting point of a selected compound Is determined by the lowest temperature in a temperature range where 
a DSC curve shows an great heat absorption of ttie selected compound. In the case where a DSC curve from acertain 
55 compound shows a gentie slc^e only, a temperature at which heat absorption Is started Is detemiined as its melting 
point. 

[0051] DSC absorption curves from the polycart»»cyiic add compound {b-1), carboxyllc add compound (b-2) and 
polycarboxylic acid compound curing agent (b) are illustrated in Figure 1. Rgure 1 illustrates a DSC at)sorption curve 
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from decanedicarboxylic acid, as representing the polycarboxylic acid compound (b-1), a DSO absorption curve from 
sebadc acid as representing the carboxylic add compound (b-2), and a DSC absorption curve from the compound 
which contains decanedicaiboxyljc acid and sebadc acid in the ratio by weight of 50:50, as representing the polycar- 
boxylic acid compound curing agent (b). 

5 [0052] In the present invention, for the above-specified compounds, the melting point of each compound is deter- 
mined by the lowest temperature in a temperature range where its DSC absorption curve shows an great heat absorp- 
tion. In the case where a DSC absorption curve for any of those compounds shows a gentle slope only, the temperature 
atwhich heat absorption Is started Is determined as its melting point F=6r example, the melting point of the polycarbox- 
ylic add compound (b-1) can be determined as 125 °C, the melting point of the carboxylio acid compound {b-Z) as 130 

to °C, and the melting point of the polycarboxylic add compound curing agent (b) as 1 1 0 °C, respectively fnxn the DSC 
absorption curves depicted in Figure 1. In the present invention, it is importarrt to find relative teiationships between the 
compounds in tenns of a melting point. Accordingly, the values of the detennined melting points are peimitled to include 
slight errors, if not significant. 

[0053] As can be appreciated from Illustrative DSC absorption curves depicted In Figure 1, the DSC absorption 

15 curve from the polycaiboxylic acid compound cu ring agent (b) Is Identical to neither of the DSC absorption curves from 
Its component compounds, i.e., the polycarboxylic acid compound (b-1 ) and carboxylic acid compound (b-2), and is dif- 
ferent from the simple composition of the DSC absorption curves from those two compounds. Also, a melting point of 
the polycarboxylic add compound curing agent (b) has been found to be lower than thtf of at least one of the polycar- 
boxylic acrd compound (b-1) and carboxylic acid compound (b-2). These demonstrate that the state of the polycarbox- 

20 ylic acid compound curing agent (b) does not reflect a simple mixture of the polycarboxylic acid compound (b-1 ) and 
catboxyllc acid compound (b-2). One of the reasons why the polycarboxylic acid compound curing agent (b) exhibits a 
melting point lower than that of at least one of the polycarboxylic acid compound (b-1 ) and carboxylic add compound 
(b-2) is considered because the higher melting poiiA compound decreases Its surface free energy as the lowar melting 
point compound changes its form to a liquid. Another reason would be as fbllows: As the atomic vibration of the lower 

25 melting point compound which has changed lis fcrni to a liquid becomes intensive, surface atoms of the higher melting 
point compound are also caused to vibrate Intensively and finally liquely. This results In lowering a temperature at which 
the higher melting pdnt compound reaches a criticai vibration below which its sofid fomi is maintained. 
[0054] Unless the DSCnleterminsd melting point of the polycarboxylic add compound curing agent (b) Is lower 
than that of the polycartxixyllc add compound (b-1) or carboxylic acid compound (b-2), the Improvement in appearance 

30 of obtaining films may become InsufflpienL 

[0055] Preferably, the polycarboxylic acid compound curing agent (b) has a melting point in the range of 60 - 1 80 
°C, and more preferably in the range of 80 - ISO °C. For the better smoothness and appearance of resuKing films. It Is 
further preferred that the poiycarboxylfc add compound curing agent (b) has a lower melting point relative to the poly- 
carboxylic acid compound (b-1) and cartxscyllc add compound (b-2). 

35 [0056] The ratio by weight of the polycarboxylic acid compound (b-1) to carboxylic acid compound (t>-2), when 
incorporated in the polycarboxylic add compound curing agent (b), Is not particularly specified and may be suitably cho- 
sen by those sl<llled in the art. Preferably, it is in the range of 50:50-99:1. If the proportion by weight otthe polycarbox- 
ylic acid compound (b-1) is below 50, a resulting polycarboxylic add curing agent compound (b) may fail to talte a solid 
form at room temperature. If It exceeds 99, the improvement in appearancs of obtaining films may become insuffldent. 

« [0057] A technique used to obtain the polyoartjoxyllc acid compound curing agent (b) preferably Involves mixing of 
the polycarboxylic add compound (b-1 ) and cartioxyllc add compound (b-2). There are two mixing techniques which 
can be employed. One technique mixes the polycartioxylic add compound (t>-1) and cartx)xylic acid compound (b-2) 
after particle size miniaturization thereof. Another technique mixes them in the liquid Ibrm. The latter technique is pre- 
ferred for its ability to provide a more uniform mixture leading to the irtiprovement in smoothness of resulting fikns. 

45 [0058] Where the former technique Is employed, the parilcle size miniaturization of polycarboxylic acid compound 
(b-1 ) and carboxylic acid compound (b-2) is performed such that the resulting mixture, i.e., the polycarboxylic acid com- 
pound curing agent (b) has a volume mean particle diameter preferably of not exceeding 1 5 (un, more preferably of not 
exceeding lO^m. 

[0059] Comminuting must be carried out to establish the partlde size miniaturization thereof. The comminution can 
so be performed either concun^ntly with or prior to mixing. Aiternat wely, preliminary comminuting may be done before the 
simultaneous practice of final comminuting and mixing. Such comminuting can be achieved by using a conventionally- 
known means for grinding or pulverizing solids. A mortar may be used, for example. From an industrial point of view, 
such a means is preferably chosen from comminuting machines genecally used In the powder coating art, such as a 
Henschel mixer and a sand grinding mill, depending upon the end purpose contemplated. The part'ds size reduction 
S5 allows the polycarboxylic acid compound (b-1) and carboxylic add compound (b-2) to be mixed suffidentiy: When 
desired to obtain the polycarboxylic acid compound curing agent (b) In the form of a diversion, the aforementioned 
comminuting and mixing may be carried out in the presence of a solvent. 

IP080] The other technique which involves mixing the compounds in the liquid form can be classified Into two 
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modes. Mode one involves allowing the polycaiboxylic acid compound (b-1) and catboxylic acid compound (b-2) to melt 
simultaneously and then cooling to a temperature suflrcient to solidify them. IMode tvm involves allowing the polycarbox- 
ylic acid compound (b-1) and carboxytrc acid compound (b-2) to dissolve in a suitable solvent and, subsequent to mix- 
ing, distilling the solvent off to solidify them. Specific conditions at each stage may be suitably chosen depending upon 

5 the particular types of the polycarboxylic acid compound (b-1) and carboxyBc acid compound (b-2) used. The solvent 
suitable for use In dissolving the compounds is not particularly specified. Examples of suitable solvents include aliphatic 
hydrocarbons such as pentane, hexane and heptane; aromaUo hydrocarbons such as benzene, toluene and xylene; all- 
cyclic hydrocarbons such as cyclohexane, methylcyctohexane and decalin; halogenated hydrocarbons such as carbon 
tetrachloride, chloroform and 1 ,2-dichloroethane; ethers such as ethyl ether, isopropyl ether, anisole, dioxane and tet- 

10 rahydrofuran; ketones such as acetone, methyl isobutyl ketone, methyl ethyl ketone, cyclohexanone, acetophenone and 
isophorone; esters such as ethyl acetate and butyl acetate; petroleum ether and petroleum benzine. 
t0061] The potycartioxylic acid compound curing agent (b) obtained in the manner as described above is then 
reduced in size by the aforementioned comminuting means to a volume mean particle diameter preferably of not 
exceeding IS |im, mors preferably of not exceeding 10 |im. 

ts IP062I Various methods known to those skilled In the art, such as an electric resistance method and laser light scat- 
taring method, can be utilized to determine the volume mean particle diameter. 

FINE CROSSLINKED RESIN FARTIGLES (e) 

217 [0063] Ttie thermosetting powder coating compositnn according to the first aspect of the present inventkin con- 
tains fine crosslinked resin particles (c), other than the alore-stated epoxy-containing acrylk; resin (a) and polycarbox- 
ylic acid compound curing agent (b). 

IP064] Useful fine crosslinked resin particles (c) are known to those skilled In the art Examples of fine cressHnked 
resin part'cles include polymer particles whksh have intrapartksle crosslinking bonds and are insoluble to otgank; sol- 
as vents. Such polymer particles can be prepared, for example, by allowing a crossfinkable monomer having two or more 
free-radically polymerizable, ethylenlcally unsaturated groups in a molecule, such as ethylene glycol dimethacrylate or 
divinylbenzene, to polymerize in the presence of an emulsifying agent such as a polyester resin containing amphoteric 
ionic groups, or aiternativelj^ by allowing an acrylk; monomer containing two or more monomer componente reactive 
with each other to Ibrm cfosslinklng bonds, such as a combination of a carboxyf-contalning monomer and an epoxy- 
30 containing monomer, to polymerize in the presence of an emulsifying agent such as a polyester resin containing 
amphoteric Ionic groups. Also, the fine crosslinked resin particles may comprise so-called core-shell lype crosslinked 
resin fine partk;les which can be obtained via atwo-stage crosslinking reaction. 

[0065] The fine crosslinked resin particles have a volume mean partide diameter, for example, prelerably of 0.01 - 
10 |im, more preferably of 0.01 - 5 |im. However, such a volume mean partkHe diameter may be suitably selected 

35 depending upon the desired volume mean particle diameter of the resulting thermosetling powder coating composition. 
If the above-described volume mean particle diameter is smaller than 0.01 ^im, the effect of improving a film appear- 
ance may become InsuffKient. On the other hand, if it is larger than 1 0 jun, the resulting powder coatings, when fbnned 
into films, may provide the poor appearances. 

[0066] The thermosetting powder coating composWon contains the fine crosslinked resin particles (c) preferably in 
« the amount of 0.1 -30 parts by weight, more preferably in the amount of 0.1 -5partsbyweIgfit,bBsedon 100 parts by 
weight of the total solids in the aforementioned epoxy-containing acrylic resin (a) and polycarboxylic acid compound 
curing agent (b). if the amount of fine crosslinked resin partk:les incorporated laUs bekw 0. 1 parts by weight, the effect 
of improving a film appearance may become InsufflclenL On the other hand, if it exceeds 30 parts tif weight, the result- 
ing powder coatings, when formed into films, may provide the poor appearances. 
4S [0067] While not particularly specified, a Tg of fine crosslinked resin partKles (c) is preferably between -20 °C and 
110 "C, more preferably between 0 °C and 1 1 0 °C. If the Tg is below -20 °C, the storage stability of the resulting powder 
coatings may deteriorate. On the other hand, if the Tg is above 1 1 0 °C, the resulting powder coatings, when formed Into 
films, may provide the poor smootheness. 

so RESIN fd^ THAT EXISTS IN THE LIQUID FORM AT ROO>^ TEMPERATURF 

[0068] The thermos^'ng powder coating composition according to the second aspect of the present inventkin fur- 
ther contains a resin (d) that exists in the liquid form at room temperature, other than the above-described epoxy-con- 
taining acrylic resin (a) and polycarboxylic acid compound curing agent (b). Likewise, the themiosetting powder coaBng 
es composition according to the first aspect of the present invention may also contain the resin (d) that exists In the liquid 
form at room temperature, besides the above-described resin (a) and curing agent (b). for the purposes of improving 
smoothness of resulting films. The "liquid form", as used herein, means the state wherein a substance has a definite 
volume but does not have a definite configuration. The 'liquid form" does not mean the state of a resin solutmn fbnned 
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by dissolving a resin in a solvent such as an organic solvent, but means the liquid state of a resin under the substantial 
absence of a solvent. In the below-deso-ibed wet process for use in the production of the thermosetting powder coating 
composition of the present invention, a resin be used in the form of a resin soluUon. It should be understood, how- 
&fer, that a solvent, such as an organic solvent Is left substantially unremalned in the final thermosetHng powder coat- 
5 ing composition of the present invention. 

[0069] The type of the resin (d) that exists In the liquid fomi at room temperature is not particularly specified. Exam- 
ples of such resins (d) indude a polyester resin, an acrylic resin and other various compounds. The resin (d) can be 
prepared by techniques known to those skilled In the art, such as polycondensatlon, free-radical polymerization and the 
like. 

10 [0070] For the increased performances and physical properties of resulting films, it Is prefen-ed that the resin (d) 
that ©cists in the liquid fomi at room temperature has a curable group, examples of which include hydroxyl. carboxyl and 
epoxy groups. The curable group content is not particularly specified, and may be suitably chosen d^ending upon the 
avail^lllty in Indu^ and handling properties of resins containing such curable groups, and Vne perfonrtances and 
physical properties desired fbrthe resuMng films. 

IS [0071] In the case where the resin (d) contains a curable functionality in the forni of a hydroxyl group, a hydroxyl 
value of the resin solids is not particularly specified. In an exemplary case where the resin (d) is a polyester resin, the 
hydroxy! value is preferably in the range of 30 - 250. more preferably in the range of 50 - 200. In anoth^ ei^mplary case 
where the resin (d) Is an acrylic resin, the hydroxyl value is preferably up to 1 00, more preferably up to 50. The resin (d) 
may also comprise a polyol compound. In su(^ a case, a hydroxyl value of the resin solid is preferably in the range of 

20 30 - 300, more preferably in the range of 50 - 250. Examples of commercial polyol compounds include PLAXEL 41 DC, 
PLAXEL 308 and PGL06 (respectively manufactured by Daicel Chem. Ind. Co., Ltd.). 

[0072] In the case where the resin (d) contains a curable functionality in the form of a carboxyl group, a carboxyl- 
assodated add value of the resin solids is not partfeulariy specified. In an exemplary case wliere the resin (cl) Is a pol- 
yester resin, such an add value Is preferably In the range of 1 - 1 80, mors preferably In Itie range of 5 - 80. In anottier 

fls exemplary case where the resin (d) is an acryfc resin, the acid value is preferably up to 1 00, more preferat^ up to 50. 
[0073] In the case where the resin (d) contains a curable functionality in tiie fonri of an epoxy group, an ^oxy value 
of ^e resin solid is not particularly specified. In an raffimplary case where the resin (d) is an acrylic rean, the epoxy 
value is prefer^ up to 1 80, more preferably up to 120. The r^in (d) may comprise a polyepoxy compound. In such a 
case, an epocy value of Its solids component Is preferably In the range of 20 - ^0, more preferably In the range of 30 - 

30 200. Examples of polyepoxy compounds include ST10D0, ST30G0, YH-300, DINACOL EX-301, DINACOL EX-411, 
DINACOL EX-701, DINACOL EX-212 (respectively manufactured byTohlo Kasei Co., Ud.); PUE-106, PUE-107, CEL- 
LOXIDE 2021 (respectively manufactured by Daicel Chem. Ind. Co., Ltd.); glyddyl esters of hexahydrophthaiki anhy- 
dride and the like. 

[0074] Preferably, the resin (d) that exists in the Hqukf femi at room temperature comprises the aforanentioned pol- 
3S yester or acrylic resin that exists in the liquid form at room temperature, in considerations of availability in industry and 
design freedom. 

[0075] A numt)er average molecular weight of the resin (d) present in the liquki form at room temperature is not par- 
tteularly specified, but is preferably In the range of 500 - 5,000 fer the Improved bk}ddr^ resistance and smoothness of 
re^tSng films. White not parta'cularly ^leclfied, Tg of the res'm (d) is prefNably up to 25 "C for the Improved bk>d(tng 

40 resistance, perfonrtances and physical properties of resulting films. 

[0076] While not particulariy specified, an SP value of the resin (d) that exists in the liquid form at room temperature 
is generally in the range of 9.0 - 1 2.0, preferQt)ly in the range of 9.0 - 1 1 .0, more preferably in the range of 9.5 - 1 1 .0. 
[0077] In the case where the epoxy-containing acrylic resin (a) in the thermosetting powder coating compositkm of 
the present inventun contains the aforennentiDned epoxy-containlr^ acrylic resin A and epoxy-containing acrylto resin 

45 B, the resin (d) that exists in the liquid form at room temperature preferably satisfies the following conditfens; 

(1) (SPb - SPd) is within the range of 0.01 - 1.5. where SPd is a solubili^ parameter of resin (d); and 

(2) The solids component of resin (d) is 5 - 70 parts by vroight, based onl 00 parts by wei^ of the total soRds of 
the aforementioned ep<»(y-comaInIng acrylte resin (a) and resin (d). 

50 

[0078] If (SPb - SP^ < 0.01 , ttie blocking resistance of the resulting powder coatings may deteriorate If (SPg - SP^) 
> 1 .5, the resulting powder coatings, when formed into films, may provide the poor appearance. 
[0079] Also, if the solids weight of the resin (d) Is bekiw 5 parts, based on 1 00 parts of the total solids weight of the 
aforementioned ^xixy^ntalnlng acryrFc resin (a) and resin (d), the Improvement In anoothness of resulting films may 
55 become Insufficient If it ^ceeds 70 F^rts, ^e blocking resistance may decrease. Furthemnore, tt» solkls weight of 
resin (d) is preferably 5 - 50 parts, morepreferably 5 -20 parts, based on 100 parts ofthe total solids weight of the afore- 
mentioned epoxy-containing acrylic resin (a) and resin (d). 

[0080] A molar ratio of the carbca^l to epoxy content of the themriosetting powder coating composition of the 
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present invention is preferably in the range of 5/10-1 1/1 0, more preferably in the range of 7/10-1 0/1 0. If the molar ratio 
falls outside the above-specified range, the theimosetling powder coating composition may result in the insuffjciently 
hardened filn^. 

OPTIONAL COMPONEr^ (e^ 

[0081] The thennosettfng powder coating connposition of the present invention may further contain a coloring com- 
ponent. In the powder coating, powder particles left uncoated on a substrate are geneFolly recovered for reuse. The 
reuse of such a recovered powder, however, leads often to color mixing. It is generally preferred that the thennosetting 
powder coating compoation is of clear type. This so-(»lled thermosetting clear powder coating composition contains 
no coloring component or may contain a coloring component to the extent that does not adversely affect the transpar- 
ent^ of the composition. The coloring component msy cwnprise a coloring pi^ent, dye or the like, for eon^le. 
PK)S2] Examples of cdoring components include coloring pigments su^ as titanium dioxide, red iron oxid^ yellow 
iron oxide, carbon black, phthalocyanlne pigments, quinacrldone pigments and azo pigments; dyes and the lika 
[0083] Components other than the above-descn'bed components, e.g., various additives generally used in the pow- 
der coating art can be optionally added to the thermosetting powder coating composition of the present inventton. 
pH)84] Such additives include, for example, extender pigments such as tak^ silea, calcium carbonate and predpi- 
tated barium sulfate; fluMity enhancers such as AEROSIL 130 and AEROStL 200 (manufactured by Japan Aerosil Co., 
Lto.); surface control agents including silicones such as dimethyl silicone and methyl ailKone, and acrylic oligomers; 
anti-foaming agents repre^nted by benzoins such as benzoin and benzoin derrvatives; curing promoters (or curing cat- 
alysts); plasticizers; antistatic agents; UV absorbers; antioxidants; pigment dispersing agents; flame retardant^ fluidity 
enhancers; and curing promoters (or curing catalysts) such as amine compounds, imkfazole compounds and cationk: 
polymerization catalysts and the like. 

[0085] Although not particularly specified, a volume mean particle diameter of tiie tiiermosattlng powder coating 

composition of the present invention is generally in the range of 5 - 40 \im, preferatily in the range of 5 - 30 ^m, more 
preferably in the range of 5 - 20 jim from the viewpoint of smoothness and appearance of resulting films. 
|p086] A wet process suitable tor use in the preparation of the thermosetfing powder coating composifion of the 
present invention include the following st^: 

1 . A raw material solution is prepared by allowing the above-described raw material to dissolve or disperse in an 
organic solvent 

2. The raw material solution obtained in step 1 is added to an aqueous solution containing a water-soluble polymer 
that has a dud point in the 30 - 90 *'C temperature range and mix them at a temperature of below the cloud point to 
thereby produce a suspensfon. 

3. The suspension otitoined in step 2 was heated to a temperature equal to or higher than the cloud point to form 
secondary oil particles and the oiganic solvent Is distilled off from a system to thereby collect particles. For the pur- 
poses of disclosure of the present invention, this tfpe of process shall hereinafter be refen'ed to as a ck>ud point 
wet process. 

STEP 1: RAW MATERIAL SOLUTION PREPARATION 

[0087] In a first step of the wet process, the above-described raw material is alk)wed to dissolve or disperse in an 
organs solvent to thereby pr^sare a raw material solutfon. This step is performed regarcfless of whetherthe utilization 
of ckiud point of the vrater-soluble polymeris present or absent The curing agent composition, which is one component 
of the raw material, must be maintained in a dispersed form in the raw material solution prepared in this first step. If the 
curing agent composition is allowed to dissolve completely into the raw material solution, the substantial absence of the 
curing agent composition results. This leads to the failure to obtain a purposed effect. Preferably, the curing e^ent com- 
position is finely dispersed to the extent that it does not remain as dust-size partksles In ttie belowdescribed filtering 
operation. 

[0088] The epoxy-containing acrylic resin (a) for use as one component of the raw material can be chosen from 
those described above. 

[0089] The polycarbracylic acid compound ojring agent (b) for use as one component of the raw material can also 
be chosen from those described above. The polycartxHylk; acid compound curing agent (b) comprise a mixture 
prepared by mixing tiie polycarboxylte acid compound (b-1) that exists In the crystalline solid fonn at room temperature 
witti the cartsoxyllc acid compound (b-2). Preferably, the mixing thereof Is achieved sufficiently for the better perform- 
ances and physical properties of resulting films. 

[0090] As stated earlier, two techniques can be used to mix those two compounds. One technique involves mixing 
the two ccHTipounds after partfole size reduction thereof. Anottier technkiue invohres mixing them In the liquid fonn. The 



10 



EP1 055 e94A2 



latter technique is preferred for its abifi^ to provide a more uniform mixture leading to tiie improved smoothness of 

resulting films. 

[0091] TTie polycarboi^ric add compound (t}-1) and carboxylic acid compound (b-2) nnay be mixed such that a 
molar ratio of a (^(»(yi content of the poiycartxH^lic add compound curing ^ent (b) to an epoxy content of the epoxy- 
5 containing acrylic resin ^Is with the range of 5/1 0 - 11/1 0, preferably within the range of 7/1 0 - 1 0^ 0. 

[0092] When needed, other components such as pigments, a variety of additives and the Hke may be added to ttie 
raw material. 

p)093] The usefui organic solvent may show a substantlai water immisdblli^ i.e., a mtter-^oiubility of not ecceed- 
ing 10%, and have a boiiing point of below 100 "C at nomial pressure. Altemafivei)^ it may have a tendency to lorn an 

10 azeotropic mixture with water. Specific examples of useful organic solvents indude xylene, toluene, t^lohexane, ethyl 
acetate and the like. 

[0094] A solids weight of the above-described raw material in the raw materiai solution is not particulariy specified. 
E=br example, it may be adjusted to fall within the iBnge of 1 0 - 90 % by wdght prefsrably in the range of 30 - 90 % by 
weight In the case where the epoxy-contalningacryiic resin (a) and/or fine crosslinlffid resin partldes are prodded In 
IS the fomi of a liquid dissohfed In an organic solvent, an additional supply of an organic solvent is not required if the solids 
weight of the row material solution is already within the target range. 

[0095] When necessary, such organic solvent insolubles as those inigally incorporated in the raw material, e.g., 
dust or foreign matter Introduced while tiie raw material solution Is prepared, m^ be removed by filtration. The filtration 
can be achieved according to conventional procedures known to those skilled in the art, as by using varraus types of 
20 filters. 

STEP 2: SUSPENSION PREPARATION AT ATEMPERATURE BELOW A CLOUD POINT 

[0096] In a second st^ of ^e wet process, the raw material soluHon obtained in step 1 Is added to an aqueous 

X solution containing a water-soluble polymer that has a doud point in the 30 - 90 "t; temperature range and mix them at 
a temperature of below the cloud point to thereby prepare a suspension containing primary oil particles, 
[0097] The water-soluble polymer that has a doud point in the 30 - 90 "C temperature range is not partKularfy spec- 
ified, illustrative of such water-soluble polymers are those which, when heated in the torm of aqueous solutwns, show 
a doud point phenwnenon In the 30 - 90 temperature range, examples of which indude partially saponified polyvinyi 

30 alcfohol having a saponifjcation value of below 85 %; partially fonnalized compounds; polyvinyl alcohol based polymers 
containing localized hydrophobic groups such as ethylene-vinyl alcohol copolymer; cellulose derivatives such as methyl 
cellulose and Hfrcxypmp^ cellulose; polyethylene glycol all^l ethers a block copolymer of ethylene glycol and propyl- 
ene glycc^ and the like. Besides, water^lubie polymers tfiat do not have Inherent doud points can be made usable by 
adding thereto suitable electrolytes so that a doud point phwiomenon occurs in the 30 - 90 *'C temperature langa The 

35 water-soluble polymers listed above as having ctoud pointe can be used alone or in any combination thereof. 

[0098] In technical considerations such as particle size control, the use of the aforementioned water-soluble poly- 
mer that do not have cloud points is prefeired. 

|p099] The type of the watOT-«oluble polymerthat does not have a definite doud point Is rrot partk^Iarly spedfied. 
Illustrative of the waterwiiiile polymers that do not have doud points are those which, even if heated In the torm of 

40 their aqueous solutions, do not give rise to a doud point phenomenon at 100 *C or below, specific exan^les of which 
include completely s^onified polyvinyl alcohol, partially saponified polyvinyl alcohol having a saponification value of 
not below 85 %, etliyl cellulose, hydroxyethyl cellulose polyethylene glycol and the like. Hie above-listed urater-soluble 
polymers that do not have cloud pointe may be used alone ot in any combination thoeof. In ttie case where sudi a 
water-soluble polymer tfrnt does not have a cloud pdnt is used in combination witti the aforementioned water-soluble 

45 polymer that has a cloud point in the 30 - 90 "C terr^rature range, a ratio in sofids weight of the water-soluble polymer 
that does not have a cloud point to the water-soluble polymerthat has a cloud point in the 30 - 90 °C temperature range 
Is preferably from 99/1 to 10/90. It may be difficult to control particle size of the secondary oil partides which will be 
described later, whm the ratio is the outside of this range. 

[0100] In this step, the above-described water-soluble polymerthat has a doud point In the 30 - 90 tonperature 
so range is first charged, in the form of its aqueous solution, into a reactor equipped witfi a stirrer. Prefwaiaiy, the aqueous 
solution contains the water-soluble polymer in concentration of 0.02 - 20 % weight This concentration range Isetter 
assures the fiomogenei^ofthe solution. 

[0101] TTie raw material solution obteined in step 1 is then added to the aqueous solution of water-«olubIe pol^ner, 
tollowed by mixing thereof at a temperature of below the doud point of the water-«oluble polymer. In the case where 
55 two or more of water-soluble polymers that have doud points in the 30 - 90 "C temperature range are used In comtrina- 
tion, the lowest cloud point becomes a controlling parameter The temperature in the following ^Bps shall be spedfied 
by the lowest cloud point of the water-soluble polymers used. 

[0102] In step 1 , each component material mcy be rendered into ite solution. In such a case, individual component 
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material solutions may be separately added to the aqueous solution of water-soluble polymer in step 2. It is iiowever 
preferred that all the individual component material solutions are mixed together to provide the raw material solution 
before addition to the aqueous solution of water-soluble polymer. This results in obtaining primary oil particles which 
contain more uniformly distributed component materials. 

[0103] The raw material solution is added to the aqueous solution of water-soluble polymer such that a ratio of the 
weight of the aqueous water-soluble polymer to the solids weight of the raw material solution is preferably maintained 
within the range of 0.5/1 - 3/1. This provides a more unifomn liquid mixture. The liquid mixture is stirred and diluted with 
an ion exchange water, If necessary, to finally obtain a suspension containing primary oil particles, with the solids 
weight of the raw material being In the range of 1 0 - 50 %. The stirring can be achieved by a stirrer chosen from those 
known to those sliilled in the art depending upon the viscosity of the liquid mixture. 

[0104] The primary oil particles preferably have a volume mean particle diameter of not exceeding 15 jim, more 
preferably of not exceeding 1 0 |im. The mean particle diameter of the primary oil particles can be determined by rrteas- 
uring particle diameters of arbitrarily sampled primary oil particles. 

[0105] As analogously to step 1 , organic solvent Insolubles, such as dust or fbrel^ matter introduced either prior 
to or during step 2, may be removed by filtration. Preferably, the filtration is performed at least once before the primary 
oil particles are solidified in the following step. 

[0108] Preferably, the organic solvent is partially distilled off in step 2. This serves to improve properties of the 
resulting thermosetting powder coating composition. Tlie organic solvent can be distilled off if the suspension Is main- 
tained at a constant temperature below the doud point as described above. However, the organic solvent can be dis- 
tilled off more efficiently if the heat applied to form secondary oil particles in the following step is utilized. In view of the 
thermosetting nature of the raw material solution, the organic solvent Is preferably distilled off at a lower temperature at 
reduced pressure. In the case where the organic solvent is distilled off by maintaining the suspension at a constant tem- 
perature below the doud point, such a procedure may be carried out so that the amount of the organinc solvent tennain- 
Ing In the primary oil partides is reduced to 30 % by weight or below, prsterably 10 % by weight or below^ mote 
preferably 5 % by weight or below. 

STEP 3: FORMATION OF SECONDARY OIL PARTICLES AND PARTICLE COLLECTION 

[0107] In a third step of the wet process, the suspension obtained in step 2 Is healed to a temperature equal to or 
higher than the cloud point to thereby form secondary oil partides and the organic so^ent Is distilled off to collect par- 
ticles. 

[0108] Rrst, the suspension obtained in step 2 is heated to a temperature equal to or higher than the cloud point so 
that the primary oil partides are caused to agglomerate to form secondary dl partfdes. The degree of agglomeration Is 
monitored by periodically sampling secondary oil partides for measurement of their partlde sizes. At the point when 
their particle sizes come to fail within a targeted range, heating may be terminated. The heating conditions msif be suit- 
ably chosen depending t^xm the type of the water-soluble polymer used and the nature of the raw materila solution. 
[0109] Two techniques can be utilized to control the particle sizes of secondary oil particles within the targeted 
range. One technique involves adjusting a weight ratio of the water-soluble polymer that does not have a cloud point to 
the water-soluble polymer that has a doud point In the 30 - 90 °C temperature range. Another technique involves reduc- 
ing a temperature of the suspension to below the doud point of the water-soluble polymerwhen the partlde sizes of the 
secondary oil partides have reached the target range to thereby tenninate the further growth of secondary dl partfdes 
via agglomeration. 

[Oil 0] The water-soluble polymer that has a doud point in the 30 - 90 °C temperature range is b^eved Id partici- 
pate in the fonnation of secondary oil particles as a result of agglomeration of primary oil particles. When the water- 
soluble polymer that does not have a cloud point is also used in combination therewith, this water-soluble polymer that 
does not have a cloud point is believed to participate In the particle size contrd of the primary oil particles. 
[0111] The removal of the organic solvent results in the solidification ofthesecondaiy oil particles. Such a desol- 
vatlng operation is pretetably continued until the complete sdidlflcation of the primary dl partides Is ascertained. 
[0112] The organic solvent can be distilled off by the appllcalSon of heat ancVor reduced pressure. In view of the 
thermosetting nature of particles obtained as a result of solidification, the organic solvent is pretBrat)ly distilled off at a 
lower temperature by reducing pressure in the system. Such a desolvating operation is preferably continued until the 
complete solidification of primary oil particles is ascertained. 

[0113] The particles obtained as a result of solidification of primary dl particles can be isolated by conventional 

solid-liquid separation techniques such as filtration and cantrifugatlon. 

Such partides, after rinsed with water and dried, finally result in a powder coating composition. 

[0114] The powder coating composition thus obtained has a volume mean particle diameter in the range of 5 - 40 

|im, preferably in the range of 5 - 30 )im, more preferably in the range of S - 20 ^m. 

[0115] Otherthan the doud point wet process, the wet process which does not utilize the doud point {may be heie- 



12 



EP 1 055 694 A2 



inafter referred to as a non-clouding wet process) can be employed to obtain the thermosetting powder coating compo- 
sition of the present invention. The thermosetdng powder coating composition haw'ng the better contFolled particle size 
and the sharper particle size distibution is obtained by utirizing the cloud point wet process relative to utilizing the non- 
clouding wet process. 

[0116] Vaious methods known to those skilled In the art, such as an electric resistance me^od and laser light scat- 
tering method, can be utilized to detemiine a volume mean partlde diameter and a number mean partlde diameter in 
the present Invention. 

[0117] In the non^ouding wet process for producing the themfiosetting powder coating composition of the present 
invention, tfie water-«olvent polymer, regardless of whether or not it has a cloud point in the 30 - 90 temperature 

range, is used In step 1 , In the case where the non-clouding water-soluble polymer alone is used, a ten^rature used 
in step 2 is not particularly specified. In the other case where the water-solubie polymer which has a cloud point in the 
30 - 90 °C temperature range is present, stirring must be supplied at a temperature of below the cloud point Further- 
more, a third step is omitted eavi thus no secondary oil partkde Is formed. 

[0118] A fluidi^ enhancer, such as AEROSIL 130 or AEROSIL 200 (manufactured by Japan Aerosll Ca, Ltd.) may 
further be externally added onto particle sur^ces of the thermosetting powder coating composition. The use of the flu- 
Itfity enhancer not only imparts the improved fluidity to the powder coa^'ng composition but also Improves the bloddng 
resistance. Such a fluidity enhancer can be deposited on surfaces of powder parGdes by mixing it vrith the thermoset- 
ting powder coating composition. 

[0119] The thermosetting powder coaBng compo^tnn of the present inventun may be applied onto a sutistrate, as 
by an electrostatic coaling technique, generally to alhickness of 40-80 ^m. The applied composition is then heated to 
form a coating film. Examples of substrates include surface treated or untreated plastics, iron plate, steel plate, alumi- 
num plate and the like. The heating temperature can be suitably chosen depending upon the particular of the ther- 
mosetting powder coadng composition used, but is generally in the range of 100 - 200 The heating period may be 
suitably adjusted dependng upon the heaDng temperature selected. 

MULTILAYER FILM-FORMING METHOD 

[0120] The multilayer film-forming method of the present irwention includes the steps of applying a basecoat onto 
an undercoated and optionally Intercoated substrata G^splying the powder coating composition of the present invention 
onto the basecoat and heating the substrate carrying thereon the t)asecoat and powder coating layers. 
[0121] The substrate for use in the multilayer film-fomiing method of the present invention is previously under- 
coated and optionally intercoated. Examples of suitable substrates are listed in the earlier descriptions of the film-fomi- 
ing method. Known coatings, such as primers, electrodeposttlon coatings and the like, can be used to fomi ttia 
undercoating or intercoaling layer. 

[0122] The type of the basecoat is not particularly specified, and may tie a solvent-or water-borne. In considera- 
tions of environmental protection, the use of the water-borne base coat is pref^ed. This base coat is applied onto the 
undercoated and optionally intercoated substrate, as by an electrostatic spr^ equipment, to a thk^ness of 10 - 20 pm. 
pi123] The substrate thus coated with the base coat is preheated at 60- 100 **C for about 5 -10 minutes, as by 
racposure to Infrared ray or hot air. Subsequently, the themnosettlng powder coating comp<sitIon of the present invention 
Is applied onto the base coat, as by an electrostatic spr^ coating technique, to a ti^Ickness of 40 - 80 furt. Heating is 
then applied at a temperature as appropriate to the thermosetting powder coating composition used. The heating tem- 
perature is generally in tiie lange of 100-200 "C^ preferably in the range of 120- 180 "C, more prefer^ly in tfie range 
of 1 30 - 1 % 't;. Tfie heating period can tie suitebly adjusted d^sending upon the heating temperatiffa selected, but may 
be pr^erably in the range of 5 - 40 minutes, more preferably in the range of 10 - 25 minutes. 
[0124] The practk» of the multilayer film-fomiing method of the present invention thus results in the formafion of a 
multilayer coating film. 

DESCRIPTION OF PREFERRED EXAMPLES 

[0125] The following Examples illustrate the first aspect of the present invention 
PREPAFWIQN EXAMPLE 1: Preparation of an Emulsifier Containing Amphokink: Groups 

[0126] A reaction vessel equipped with a stirrer, thenno-regulator, reflux tube and decanter was charged with 134 

parts by weight of bis(hydroxyethyl) taurine, 130 parts by weight of neopertyl glycol, 236 parts by weight of azelalc acid, 
1 86 parts by weight of phthallc anhydride and 27 parts by weight of xylene. The mixture was then heated under a nitro- 
gen atmo^here and the vi^ter produced during the reaction was distilled off as an azeotrope with xylene. After the 
reflux of xylene was initiated, the temperature of the mbcture was gradually raised to 1 90 over about 2 hours during 
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which period the reaction was continued so that an acid value of resin solids reached 146. The mixture was then cooled 
to 140 °C to provide a resin solution. 

[01271 Then, 314 pans Ijy weight of "CARDURA El 0" (monoepowde manufactured by Shell Chem., Ca, Ltd.) was 
added dropwise to the resin solution over 30 minutes. After successive two hours of st'mng, the reaction was termi- 
nated to obtain an emulslfer. Tlie emuisHier was (bund to have a resin solids add value of 59, a resin solids hydraxyl 
value of 90 and a number average molecular weight of 1054. 

PREPARATION EXAMPLE ?: Pienaratlon of an Emulsion 1 

[0128] into a reaction vessel equipped with a stinBr, condenser and thermoregulator, 232 parte by weight of deion- 
Ized water, 15 parts by weigh of the emulsifier obtained in Preparation Example 1 and 0,75partsby weight of dimethyl 
ethanolamine were charged and then maintained at 80 '^C with stirring to provide a liquid mixture. A solution prepare 
by dissolving 4.5 parts by weight of azobtscyanovaieric add into 45 parts l>y weight of dsionized water and 4.3 parts by 
weight of dimethyl ethanolamine was added to the fiquld mixture to prepare an emulsion 1 . 

PREPAFWION EXAMPLF 3: Prt-paration of a Dbpnnilon t^nlalnlny Fine Crossllnlied Resdn Partieles M-1 and of p 
Crosslinlced Resin Powder M-1' 

[0129] A liquid mixture of 50 parts by weight of iert-butyl methacrylate and 50 parte by weight of ethylene glycol 
dimethacrylate was added dropwise to the emulsion 1 obtained in Preparation Example 2 over 1 hour. Thereafter, a 
solution formed by dissolving 1 .5 parte by weight of azobiscyanovaleric acid into 15 parte by weight of deionized water 
and 1 .4 parts by weight of dimethyl ethanolamine was added to the liquid mixture which was subsequently stirred at 80 
°C Ibr an additional one hourto prepare an emulsion. This emulsion was then azeottDplcaliy distilled to replace the ion- 
ized water, as a sohient, with xylene, thereby obtaining a dispersion containing fine crosslinfced resin particles M-1 . The 
dispersion of tine crosslinked resin particles M-1 was measured for a volume mean particle diameter and a solids con- 
tent. The results are given in Table 1. The volume mean particle diameter was determined by using a coulter counter 
(manufactured by Beckman Coulter Co., Ltd.). 

[0130] A fraction of the dispersnn containing fine ctDsslinlced resin particles M-1 was collected and heated under 
a reduced pressure to distlll xylene off. This resulted In obtaining a cmsslinked resin powder M-1' having a solids con- 
tent by weight of 1 00 %. 

PREPARATION EXAMPLES 4 - 7: Prepanatlon of Dis persions Containing Rne Crosslinked Resin Particles M-2 throuah 
M-S 

[0131] The procedure of Preparation Example 3 was followed, except thatthe formulations shown in Table 1 were 
used, to prepare four different dispersions respectively containing fine crosslinked resin particles M-2 through M-5. 
Each dispersion was measured for a mean volume partKle diameter and a solids content In the same manner as In 
Preparation Example 3. The collected data are ghren In Table 1 . 
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S5 PREPARATION EXAMPL E B: Pre paratio n of an Emulsion g 

[0132] Into a reaction vessel equipped with a stirrer, condenser and theimoregulator, 232 parts tiy weight of deion- 
ized water, 10 parts by weight of the emulsifier obtained in Preparation Example 1 and 0.75 parts by weight of dimethyl 
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ethanolamine were charged and then maintained at 80 °C wrtli stirring to provide a liquid mixture. A solution fonned by 
dissolving 0.2 parte by weight of azobiscyanovaleric acid into 20 parts by weight of deionized water and 0.26 parts by 
weight of dimethyl ethanolamine was added to the liquid mixture to prepare an emulsion 2. 

PREPARATION EXAMPLE 9: Preparation of a Dteoersion Containing Fine Cro.'^linked Resin Particles M-6 

[0133] A first charge of resIn materials, i.e., a liquid mixture of 1 S parts by vraight of styiane, 45 parts by weight of 
n-bulyl acrylate and 40 parts by weight of ethylene glycol dlmethacryla>e was added dropwlse to the emulsion 2 
obtained In Preparation Example 2 over one hour, and then maintained at BO °C wHh stirring for an addHonal one hour. 
A liquid mixture containing 0.8 parts by weight of azobiscyanovaleric acid dissolved in 25 parts by weight of deionized 
water and 0.3 parts by weight of dimethyl ethanolamine was added. A second charge of resin materials, i.e., a liquid 
mixture of 1 S parts by weight of styrene, 45 parts by weight of n-butyl acrylate and 40 parts by weight of ethylene glycol 
dim^acrylate was further added dropwlse over one hour. Thereafter, a liquid mixture containing 1 .5 parts by weight of 
azobiscyanovaleric add dissolved in 1 5 parts by weight of deionized wafer and 1 .4 parts by weight of dimethyl eth- 
anolamine was further added and then maintained at 80 *C with stirring for another one hour to provide an emulsion. 
This emulsion was then treated in the same manner as in Preparation Example 3 to replace a solvent from the ionized 
water ta xylene, thereby obtaining a dispersion containing fine crosslinked resin parlicles M-6. The dispersion of fine 
orossilnited resin particles M-6 was measured for a volume mean particle diameter and a solids content in the same 
manner as In Preparation Example 3. The resulte are given in Table 2. 

PRER»RAriON EXAMPLE 10: Preparatio n of a Dispersion Containing Hne CmsslInlMd Resin ParticiBS M-7 

[0134] The procedure of Preparation Example 9 was Ibliowed, except that the tbrmulation given In Table 2 was 
used, to prepare a dispersion containing fine crosslinked resin particles M-7. The dispersion containing tine crosslinked 
resin parades M-7 was measured lor a volume mean particle diameter and a solids content in the same manner as in 
Prepatatton Example 3. The data collected are shown In Table 2. 
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Table 2 



5 






1 Preparation Exanples 








I ^ 


10 


10 




Fine Crosslinked Resin 
Particles 


M6 


M7 






Styrene 


1 


— 






2-Ethylhexyl Aery late 


■ 


40 


1st Stage 


n-Butyl Acrylate 


45 


— 




Resin 

Formulations 


tert-Butyl Methacrylate 


- 


— 


20 




Ethylene Glycol 
Diinethacrylate 


40 


60 






Azobiscyanovaleric Acid 


0.8 


0.5 






Deionized Water 


25 


25 






Dimethyl Ethanolamine 


0.3 


0.3 






Styrene 


15 


60 


30 




n-Butyl Acrylate 


45 






2nd Stage 
Resin 

Formulations 


Ethylene Glycol 
Dimethacrylate 


40 


40 


35 


Azobiscyanovaleric Acid 


0.8 


0.8 






Deionized Water 



15 


15 






Dimethyl Ethanolamine 


1.4 


1.4 


40 


Measured 
Values 


Volume Mean Particle 
Diameter (m) 


77 


74 




Solids Height («) 


20 


20 



45 



PREPAFWION EXAMPLE 1 1 : PrepargMon of a n bpersion Containing a Curitiff Agent H-1 

50 [0135] 1 ,1 0-decane dicarboxylic acid was dispersed in xylene, and ground by a sand grinding mill to obtain a dis- 
persion containing a curing agent H-1 (solids content by weigtit of 30 %). Tfie volume mean particle diameter of ttie 
resulting dispersion was 6 }im wiien measured by a coulter counter (manufactured by Japan Coulter Ca, Lid,). 

PREPAFWION EXAMPLE 12: Pr apaiatlon of a Dbperslon Containing a Curing Agent ComoosMon H-2 

55 

[0136] A mixture containing, by weigtir, 75 parts of 1 ,1 0-decane dicarboxylic acid and 25 parts of sebacic acid was 
dispersed In xylene, and ground by a sand grinding mill to obtain a dispersion containing a curing agent composition l-l- 
2 (solids content by weight of 30 %). The volume mean particle diameter of the resulting dispeision was measured In 
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the same manner as in Preparation Example 1 1 , whicti gave the value of 6 ^m. Also, a fraction of the resulting disper- 
sion was collected and placed under a reduced pressure to remove xylene therefrom. The melting point of the resultant 
substance was determined ty DSC 220C (differential scanning calorimeter manufactured by Seiko Instrument Ind. Co., 
Ltd., heating rate of 5 °atnln.) which gave the result of 120 °a 

PRETORATION EXAMPLE 13: Preparati on of a Solution Containlni; a n EpoCT-ContBlnrna Acrylic Resin R-1 

[0137] A reaction vessel equipped with a stirrer, thennoregulator and reflux tube was charged with 63 parts by 
weight of xylene which was subsequently placed under nitrogen almosphere and heated to a temperature of 1 30 °C. A 
mixture containing the below-specified components was added dropwise over three hours: 



glyddyl methacrytate: 


45 parts by weight 


styrene: 


20 parts by weight 


n-butyl methacrylate 


20 parts by weight 


isobu^ methacrylate: 


1 0 parts t^waght 


n-bu^ acrytate: 


5 parts by w^ght 


tert-^ut^ pero^oate: 


3 parts by weight. 



IP138] After completion of the dropwise addition, the mixture was maintained at 130 *C for additional 3 hours and 

then cooled to a room temperature to thereby obtain a solution containing an epoxy-contalning acrylic resin R-1 (epoxy 
equivalents of resin solids = 1 80, and solids concentration = 60 weight %). Also, a fraction of the resin R-1 solution was 
heated under a reduced pressure to distill xylene off to provide the resin R-1. Tg of the resulting resin R-1 was deter- 
mined by DSC 220C (manufactured by Seiko Instrument Ind. Ca, Ltd., heating rate of S °C/hiiln.) which gave the result 
of 30 °C. The measurement according to a turbldlmetry m^od revealed an SP value of 10.2. GPC (gel permeation 
chromatography) revealed a number average molecular weight of 9,000. 

PREPARATION EXAMPLES 14-16: Preparation of Eooxv-Co ntalnlnn Acrvik! Resins R-2 through R~l 

[01391 The procedure of the above Preparation Example 13 was followed, except that the formulations shown In 

Table 3 were used, to otitaln epoxy-contalning acryfrc resins R-2, R-3 and R-4. These resins obtained were respectively 
measured for Tg, SP value and number average molecular weight in the same manner as in PreparBtion Example 13. 
The measured Tg, SP value and molecular weight for each resin are given in Tat)le 3. 
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EXAMPLE 1 : ThermoseWnff Powder Coatino Composition C-t 

[0140] The components specified below were mixed in a sand grinding mill to prepare a raw material solution. 

CPmPPnentS Parts bv Waight 

epoxy-containing acrylic resin R-1 103.3 

solution (solids content of 60 wt.%) 

epoxy-containing acrylic resin R-2 25.8 

solution (solids content of 60 wt.%) 
curing agent H-1 dispersion (solids content 75.0 

of 30 wt.%) 

dispersion of fine crosslinked resin 6.0 

particles M-1 (solids content of 20 wt.%) 

silicone-based surface conditioning agent 0.2 

acrylic-based surface conditioning agent 0.1 

benzoin 0 . 5 

UV absorber 1.0 . 

anti-oxidant 1.0 



[0141] Tile raw material solution was then added to an aqueous polymer containing, by weight, 6 parts of GOSE- 
NOL GH-20 (polyvinyl alcohol manufactured by Nippon Gosei Kagaku Co., Ltd., saponification level of 88 %, no doud 
point), 3 parts of GOSENOL KL-05 (polyvinyl alcohol manufactured by Nippon Gosel Kagaku Co., Ltd., saponification 
level of 80 %, cloud point of about 80 °C), 1 part of hydroxypropyl callutose (doud point of about 50 *>C) and 90 parte of 
deionized water. A resulting mixture was further mixed at 25 **Cby using a homogenizerto prepare a suspension con- 
taining primary oil particles. These primary oil partk^es present in the suspension were measured for a volume mean 
particle diameter in the same manner as in Preparation Example 3. The results are given in Table 4. 
[0142] The suspension was diluted by the addition of 300 parts by might of deionized water, and then transferred 
to a reaction vessel equipped with a stirrer, thennoregulator, reflux tube and vacuum apparatus. 
[0143] The suspension was reduced in pressure to 30 Torn and then heated to 35 "C. After a time interval, the sus- 
pension was further reduced in pressure to 140 Torr. and then heated to 60 to obtain secondary oil particles. Sub- 
sequently, a solvent present in a dispersed phase was distilled off completely to solidify the primary oil partk^les into 
partldes. The resulting suspension was cooled and filtered under suction to collect particles which were subsequently 
dried at 30 °C under a reduced pressure to obtain a themnosetting powder coating composition C-1 . This powder coat- 
ing composition was measured for a volume mean partide diameter and a number mean particle diameter, as analo- 
gously to Preparation Example 9. The measurement results, as well as a ratio of the volume mean to number mean 
partide diameter, are given in Table 4. 

EXAMPLES 2- 11: Preparation of Thermosettlnn Powder Coalina Compositions C-2throuQh C-11 



[0144] The procedure of Example 1 was followed, except that the formulations shown in Table 4 were used, to 
obtain thermosetting powder coating compositions 0-2 through c-1 1 . In each Example, a volume mean partide diam- 
eter of primary oil partides, volume mean and number mean partksle diamdeis of the tesuiting powder coating compo- 
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sfflon were measured in the same manner as in Example 1. A ratfo of the volume mean to number mean partfde 
dimeter was also calculated. The results are given in Table 4. 

COMPARATIVE EXAMPLES 1 AND ?: Themiosettinq Powder Coating Composttions C-1 2 and C-13 Prepared In thg 
5 tosence of Fine Crosslinked Resin Particles 

[0145] The procedure of Example 1 was followed, except that the fomiulations excluding fine crosslinked resin par- 
tides M-1 dispersion as shown In Table 4 were used, to obtain thermosetting powder coating compositions C-12 and 
C-13. In each Comparative Example, a voiume mean particle diameter of primary oil particles, voiume mean and 
10 number mean particle diameters of the resulting powder coating conposition were measured in the same mann^ as 
in Example 1 . A ratio of the volume mean to number mean particle diameter was also calculated. The results are given 
in Table 4. 

COIVlPARAnVE EXAMPLE 3: ThermosetHno Powder Co aBng Composition C14 Prepared wfth Extemal Addition of 
15 Fine Crosslinked Resi n Pa rticles 

[0146] The procedure of Example 1 was followed, moept that me dispersion of crosslinlted resin particles M-1 was 
not usec^ to obtain a thermosetting powder coating competition. The resulting coating corr^io^on and the fine 
crcKslinked resin particles M-1' obtained in Preparation Example 1, based on the formulation shown in Table 4, were 
20 mixed by a Henschel mixer to prepare a thennosetting powder coating composition C-1 4. A volume mean particle diam- 
eter of primary oil partides, volume mean and number mean particle diameters of the resulting powder coating compo- 
sition were measured in the same manner as in Example 1. A ratio of Uie volume mean to number mean particle 
diameter was also calculated. The results are given In Table 4. 

25 EVALUATION TESTS 

(01 47] The thermos^ng powder coating compositions obtained in Examples 1-11 and Con^arative Examples 1 
- 3 were evaluated for the following properties. 

90 A. Smoothness 

[0148] SUPERLAC M260-SILVER (water-borne metallic basecoat manufactured by Nippon Paint Ca, Ltd.) was 
applied onto intercoated substrata by an electrostatic coating technique to a thickness of 1 0 - 20 |im, and preheated 
In a hot-air oven at 145 "^C for 25 minutes. Af^ the stA)StrEdes were cooled to room temperature, each thermosetting 

35 powder coating conposifion was electrostatically applied, in the form of a layer having a thickness of 50 pm, to a set of 
two substrates. One was set parallel to horizontal and the other at an angle of 60 degrees from horizontal within a hot- 
air oven and the layers applied ttiereon were baked at 145 °C for 25 minutes to form coating films. Tliis resulted in 
obtaining two sample pieces carrying the coating films respectively fomied In horizontal and vertical orientations. The 
resulting sample pieces were taken out from the oven and cooled to room t«mperature. The coating films respectiveiy 

40 formed on horizontally and vertically oriented substrates were evaluated in temfis of an N8IC value (%) and an NSIC* 
value (%) as respectively measured by an image sharpness measuring apparatus (manufactured by Suga testing 
machine Co., Ltd.). The coating films having an NSIC value of at least 60 % and mi NSIC* value of at least 35 % were 
rated as being satisfactory. 

[0149] Tfie aforanentioned intercoated sut)strate was prepared electrod^ositing POWEHTOP U-50 (automo- 
45 bile-use cationicelectrodqaosition coating manufactured by Nippon Paint Ca; Lid.) onto a 1 00 mm x 300 mm x 0.8 mm 
zinc phosphated dull steel plate to a dry thickness of about 25 jim, baking the deposited !^er at 1 60 *'C for 30 minutes, 
electrostatically depositing ORGA P-2 (intercoal composition manufactured by Nippon Paint Ca, Ltd.) onto the under- 
coat to a dry thickness of about 40 ^m, and baking the deposited layer at 1 40 for 30 minutes. 

so B. Occurrence of Sagging 

[0150] The coating films formed on vertically oriented substrates, as obta'ned above in evaluating smoothness, 
were visually observed to evaluate the presence or absence of sagging. The evaluation results are given in Table 4. 
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[0151] As can be clearly seen from Table 4, the thermosetting powder coating compositions containing the epoxy- 
oontaining acrylic resin (a), polycarboxylio add compound curing agent (b) and fine croeslinked resin particles (c) pro- 
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vide coating films having satisfactory levels of smoothness both on horizontally and vertically oriertted substrates. 
[0152] The following Examples illustrate the second aspect of the present invention. 

PREPARATION EXAMPLES 17-22: Preparation of Epoxv-Containrng Acrylic Resins R-fi through R-1 Q 

[0153] A reaction vessel equipped with a stirrer, therm oregulator and reflux tube was chained with 63 parts by 
weight of xylene which was subsequently heated to 130 ^C. In each Example, a mixture containing different monomers 
In such proportions as Indicated in Table 5 was added dropwise under nitrogen atmosphere over three hours. After the 
dropwise addition, a resulting mixture was maintained at the same temperature for three hours and then cooled to room 
temperature. As a result, solutions (solids content of 65 wt.%) were obtained respectively containing epoxy-containlng 
acrylic resins R-5 through R-1 0. Tg and an epf»^ equivalent of resin solids in each resin solution were determined from 
the formulation indicated in Table 5. For each resin obtained, its SP value and number average molecular weight were 
determined by a turtndimetry method and GPC (gel permeatfon chromatography), respecSvelyL The reajlts are given In 
Table 5. 

[0154] Further, each resin solution was desolvated under a reduced pressure condition to obtain eptn^^ntainlng 
acrylic resins R-5 through R-1 0 (solids content of 1 00 wt%). Each resin was visually observed for its form at room tem- 
perature. The ep(»(y-Gontaining acrylic resins R-7 and R-8 were found to be present in the liquid fonn. 
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PREPARAnON EXAMPLE Preparation of a PolveiitBr H«ln P-1 

pnss] "File components specified below were charged into a reaction vessel equipped with a stiner, thermoregula- 
tor and reflux tube where they were raised In temperature to 220 "C while producing water was removed from a system: 



hexahydrophthalic anhydride: 


267.0 parts by weight 


ditrimethylolpropane: 


87.0 parts by weight 


Cardura E-10 {monoepoxide manufoctured by Shell): 


283.0 parts by wra'ght 


dibutyltin oxide: 


1.2 parts by weight 



[0156] A quantity of the reaction mixture was sampled at proper Intervals to measure its acid value by titration with 
a potassium hydroxide solution. Immediately after the acid value reached 5, the reaction mixture was cooled and then 
diluted with xylene to obtain a polyester resin P-1 solution (solids content of 65 wt%). "Rie resin obtained was found to 
have a final acid value of not exceeding S. Also, its SP value and number average molecular weight wer« determined 
in the same manner as in Preparation Examples 17 -22, which gave the values of 10.1 and 2,000, respectively. 
[0157] Also, the polyester lesln P-1 solution was desolvated undera reduced pressure to obtain a polyester resin 
P-1 (solids content of 1 00 wt%). This resin was visually observed lor its form at room temperature and found to exist In 
the liquid fomn. 

PREPARAnON EXAMPLE Preoaratlon of a Polyester Resin P-g 

[0158] The components specified below were charged Into a reaction vessel equipped with a stiner, thermoregula- 
tor and reflux tube where they were raised in temperature to 220 "C while producing water was removed from a system: 



hexahydrophthalic anhydrida: 


24.0 parts by weight 


tiimethylolpropane: 


1 2.0 parts by weight 


Cardura F-10 


25.0 parts tig weight 


dibutyitin oxide: 


0.01 parts by weight 



[01 59] A quantity of the reaction mixture was sampled at proper Intenials to measure its acid value by titiatlon with 
a potassium hydroxide solution. Immediately after the acid value reached 5, the reaction mixture was cooled and then 

diluted with xylene to obtain a polyester resin P-2 solution (solids content of 65 v»t.%). The resin obtained was found to 
have a final acid value of not exceeding 5. Also. Its SP value and number average molecular weight were determined 
in the same manner as in Preparation Examples 17-22, which gave the values of 10.0 and 1,500, respectively. 
[0160] Also, the polyester resin P-2 solution was desolvated undera reduced pressure to obtain a polyester resin 
P-2 (solids content of 1 00 wL%). This nssin was vtsuaiiy observed for its form at room temperature and found Id exist in 
the liquid forni. 

PREPAIWION EXAMPLE 25: Preparation of a ntepersion of a Polyc arfaoxvllc Acid Compound Curing Aoent Compo- 
sition H-3 

[0161 ] Succinic anhydride was dispersed In xylene, and ground by a sand grinding mill to obtain a dispersion (solids 
content of 30 wl%) of a polycarboxylic acid compound curing agent composition H-3 . A fraction of the resulting disper- 
sion was collected and placed under a reduced pressure to remove xylene therefrom. The measurement of its volume 
mean particle diameter by a coulter counter (manufactuied by Bedonan Coulter Co., Ltd.) gave the result of 6 jim. 

PREPARATION EXAMPLE 26: Preparation of a Pnlynarboxvlic Acid f- ompound Curing Agent Composition HA and its 
Dispersion 

[0162] Succinic anhydride and 1 , 1 0-decanedicaboxyllc add, in proportions in solids weight of 1 3, were mixed and 
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comminuted by an uttracentrifugal disperser to obtain a polycarboxylic acid compound curing agent composition H-4. 
its volume mean partide diameter was determined in the same manner as in Preparation Example 25, whicii gave tiie 
result of 6 jjjn. Also, tiie resulting curing agent composition H-4 was dispersed in xylene to obtain a dispersion (sofids 
content of 30 wt%) of polycarboxylic add compound curing agent coniposition H-4. 

PREPARATION EXAMPI F 27: Preoaration of a Dlsnets jon of a PoK/carfaomHc Acid Compound Curing Aoerrt Comno- 



[0163] Tetraiiydrophthallo antiydride and 1,10-decanedicaboxylic acid, in proportions in solids weight of 5:1, were 
mixed and ciiar^ed into a separable flask where tfrey were caused to melt themially by heating them under nitrogen 
atmosphere to 120 °C. The melt was then cooled into a solid form which was subsequently dispersed in xylene and 
ground by a sand grinding mill to provide a dispersion (solids content of 30 wt.%) of a polycarboxylic add compound 
curing agent composition H-5. A fraction of the resu Ittng dispersion was collected and placed under a reduced pressure 
to remove xylene therefrom. Its volume mean particle diameter was determined in the same manner as in Preparation 
Example 25, which gave the result of 6 |im. 

PREPAIWION EXAM PLE 28: Preoaration of a Dispension of a Polvcartioxylle Add Compound Curing Aoent Compo- 
sition H-6 

[0164] The procedure of Preparation Example 27 was followed, with the exception that tetrahydrophthalic anhy- 
dride and 1 ,1 0-decanedicaboxylic acid was mixed in proportions in solids weight of 6:7, to obtain a dispersion (sofids 
content of 30 wt.%) of a polycartMxyllc acid compound curing agent composition H-6. A fraction of the resulting disper- 
sion was collected and placed under a reduced pressure to remove xylene therefrom. Its volume mean partide diame- 
ter was detennined in the same manner as in Preparation Example 25, which gave the result of 6 tim. 

PREPARATION EXAMPLE 29: Preparation of a Disp ersion of a Polveatfaoxvlie Acid Compound Curing Agent Compo- 
sition H-7 

[0165] 1,10-decanedicarboxyllc add was dispersed In xylene, and ground by a sand grinding mill to ot>taln a dis- 
persion (solids contet of 30 wt.%) of a polycarboxylic add compound curing agent composition H-7. A fraction of the 
resulting dispersion was collected and placed under a reduced pressure to remove xylene therefrom. Its volume mean 
partide diameter was determined In the same manner as In Preparation Example 25, which gave the result of 6 (im. 

PREPARATION EXAMPLE 30; Comminution of PolyraMhoxvlie Acid compound Curing Aqente 

[0166] Succinic anhydride and 1,10-decanedicatioxylic acid were individually comminuted by an ultracentrifugal 
disperser to obtain a sucdnic anhydride curing agent H-8 and a 1 ,1 0-decane dicaboxyllc acid curing agent H-9. The 
curing agents H-8 and H-9 were determined for volume mean partide diameter in the same manner as in Prepatalion 
Example 25, which gave the resuHs of 6 fim, respectively, 

EXAMPLE 1 2: ThemiQsettlnff Powder CoaMnq Coniposition C-1S of the Piasent Inventien 

[01671 The components specified below were mixed in a sand grinding mill to prepare a raw material solution. 



sition H-5 



f:oigponpnl:.<; 



Parts by Weight 



epoxy-containing acrylic resin 



R-5 



38.5 



solution (solids content of 



65 vit.%) 



epoxy-containing acrylic resin 



R-6 



18.5 
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solution (solids content of 65 wt.%) 
polyacarboxylic acid compound curing agent 43.3 
H-3 dispersion (solids content 
of 30 wt.%) 



polyester resin P-1 solution (solids 


76 


9 


content of 65 wt.%) 






silicone-based surface conditioning agent 


0 


2 


acrylic-based surface conditioning agent 


0 


1 


UV absorber 


1 


0 


antl-oxldant 


1 


0 


benzoin 


0 


5 



£0168] This raw materia] solution was then added to an aqueous polymer containing, by weight, 6 parts of GOSE- 
NOL GH-20 (polyvinyl alcohol tnanufaoturad by Nippon Gosei Kagaku Ca, Ltd., saponification level of 88 %, no cloud 
point), 3 parts of GOSENOL KI.-OS (polyvinyl alcohol manulactuted by Mlppon Qosei Kagaku Co., UsL, saponmcation 
level of 80 %, cloud point of about 80 °C), 1 part of hydroxypropyl cellulose (cloud point of about 50 °C) and 90 parts of 
deionized water. A resulting mixture was further mixed at 25 °C by using a homogenizer to prepare a suspension. The 
primary oil partksles present In the suspension were measured for a volume mean part'cle diameter In the same manner 
as in Preparation Example 25. The results are given in Table 6. 

19169] The suspension was diluted with 300 parts by weight of deionized vi»ter, and then transfenred to a reaction 
vessel equipped with a stirrer, thermoregulator, reflux tube and vacuum apparatus. 

[0170] The suspension was reduced in pressure to 30 Torr. and then heated to 35 "C. After an interval, the suspen- 
sion was further reduced in pressure to 140 Torr. and then heated to 60 °C 1o obtain secondary oil particles. Subse- 
quently, a solvent present in a dispersed phase was dlsHlled off completely to solidify the primaty oil pattteles into 
partidss. The resulting suspension was cooled and filtered under suction to collect partkdes which were subsequently 
dried at 30 °C under a reduced pressure to obtain a thsimosettlng powdercoating composition C-1 5. This powder coat- 
ing composrtion C-1 5 was measured for a volume mean particle diameter In the same manner as in Prepaiadon Exam- 
ple 25. The measurement result is given in Table 6. 

EXAMPLES 13-19:TTiermosettinQ Powder Coating CofnpositiQnsG-1 6 through C-22 of the Present Invenlion 

[0171] In each Example, the components specified in Table 6 were mixed in a sand grinding mill to prepare a raw 
material solution. Othetwise, the procedure of Example 12 was repeated to obtain thermosetting powder coating com- 
positions C-16 through C-22. In each Example, a volume mean particle diameter was detennined for the primary oil 
particles formed In the suspension and for the resulting thetmosettlng powdercoating composition. The results are 

shown in Table 6. 

COM PAFiATI VE EXAMPLES 4 - 7: Thermo.<iKHina Powder Coating Compositions C-23 through C-26 Prepared by a Dry 
Process 

[0172] In each Comparative Example, the components specified In Table 6 were mixed in a Henschel mixer for 
about 3 minutes and tiien transferred to a Co-l<rieader (manufactured by Buss Co., Ltd.) whereby they were melt 
kneaded at a set temperature of about 95 °C. The resulting melt mixture was cooled to room temperature, crushed by 
a Henschel mixer and reduced in size by a hammer mill and further by a jet milL The resulting powder was dass'ified by 
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a 200-mesh screen to remove coarse particles therefrom. As a result, comparative thermosetting powder coating com- 
positions C-23 through C-26 were obtained. These coating compositions were measured for volume mean particle 
diameter in the same manner as in Preparation Example 25. The results are reported in Table 6. 

EVALUATION TFRTS 

[0173] The themnosetting powder coating compositions olstalned in Examples 12-19 and Comparative Examples 
4-7 were evaluated for petlbrmances according to the Mowing procedures. 

A. SmoQthne.'jg 

[0174J Each thetmosetUng powder coating composition was deposited electrostatically onto an Iron plate and 
talced at 1 46 "C tor 25 minutes to form a coating film having a thickness of 50 |im. Tlie resulting coating film was meas- 
ured Ibr center-iine average suifto roughness (Ra) by using'a surface roughness tester (Toiiyo Seimitsu Col, Ltd.). The 
coaling films having Ra values of not exceeding 0.30 were rated as being saUsbctoty. The results ate reported In Table 



B. Film Axyneamnnt, 

[0175] The coating films fbimed in the above smoothness test were visually evaluated for appearance. TTie results 
are given in Table 6. in Table 6, 

a rating '©' indicates an excellent film appearance, 
a rating 'O' Indicates a good film appearance, and 
a rating "X' indicates a poor film appearance such as hazing. 

C. Blocking Resistance 

[0176] Each theTmosetdng powder coating composition was stored in a 30 °C incubator for 2 weeics and subse- 
quently subjected to sieving with a vibrating 150-mesh screen. The powder coating composition. If a 95 % or higher pro- 
portion thereof passed through the screen openings, was rated as being satisiaclDty ("O") ■ Tha resuiis are given in 
Table e. 
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[0177] As apparent from the results shown In Table 6, the thermosetting powder coating compositions containing 
the epoxy-oontaining actylio resin (a), poiycartx»ylic acid ocmpound curing agent (b) and a resin (d) which talies a liq- 
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uid form at room tempeiature provide coating films liaving salisfactory smoothness, film appearance and bloddng 

resistance. 

[0178] The following Examples illustrate the third aspect of the present invention. 
PREPARATION EXAMPLE 31 : Preparation of an Epoxv-Contalninn Acrvlic Resin R-1 1 

[0179] A reaction vessel equipped with a stirrer, thermoregulator and reflux tube was charged with 63 parts by 
weight of xylene which was subsequently placed under nitrogen atmosphere and heated Id a temperature of 130 °a A 
mixture containing the below-specified components was arided dropwise over three hours: 



glycidyl methacr^ate: 


45 parts tjy weight 


styrene: 


20 parts by weight 


methyl meltiacrylate 


20 parts by weight 


Isobu^ metiiacrylate: 


1 0 parts by weight 


2-hydFoxyettiyl methacrylate: 


5 parts by weight 


tart-but^ peroctoate: 


7 parts by wreight. 



[0180] After completion of the dropwise addition, the mixture was held at the same temperature for additional 3 
hours and then cooled to a room temperature, so that a solution of an epoxy-containlng acrylic resin R-1 1 (epoj^ equiv- 
alents of resin solids = 130 g'eq, and soiids concentration 60 wt.%) was obtained. Also, a fraction of the resin R-1 1 solu- 
tion was heated under a reduced pressure to distill xylene off to thereby provide the resin R-1 1 . Tg of the resulting resin 
R-11 wasdetenninedby DSC220C (differential scanning calorimeter manufactured by Seil<o Instrument Ind. Co., Ltd., 
healing rate of 5 °C/m'in.) which gave the result of 60 °C. The measurement according to a tuibidimetry method 
revealed an SP value of 10.6. GPC (gel permeation chromatography) revealed a number average molecular weight of 
3,500. 

PREPARATION EXAMPLES 32 - 35: Preparation of EDOxy-r, ontainina Acrylic Resins R-t2 throunh R-IS 

pnsi] In each Example, the components specified in Table 7 were mixed. Otherwise, the procedure of Example 31 

was repeated to obtain epfflty-conlaining acryric resin solutions R-1 2 through R-IS. In each Example, Tg, SP value and 
number average molecular weight were detennined in the same manner as in Preparation Example 31 . The results are 
shown in Table 7. 

PREPARATION EXAMPLE 3S: Comminuted Curing Agent 

[0182] 1,10-decanedicaboxylic acid was comminuted by an ultracentrifugal disperses The comminuted curing 
agent was measured for volume mean particle diameter by a coulter counter (Coulter Qectronics Co., Ltd.) which gave 
the result of 6 lun. Also, a melting point of the comminuted curing agent was determined by a DSC 220C ((manulatuted 
by Seilto Instrument ind. Co., Ltd., heating rate of 5 "CAnin.) which gave the result of 125 °a 

PREPARATION EXAIKPLE 37: Curing Agent Dlsperrion 

|<nS3] 1,1 0-decanedicarboxyllc acid was dispersed in xylene, and ground by a sand grinding mill to obtain a dis- 
persion (solids content of 30 wt%) wherein one type of curing agent particles were distributed In xylene. Tfieir volume 
mean particle diameter was detennined by e coulter counter (Coulter Electronics Ca, Ltd.) which gave the result of 6 
{un. 

EXAMPLE ? 0: Curing Agent Composition H-10 

[0184] A mixture containing, by weight, 50 parts of 1,1 0-deoanedicaboxyllc acid and 50 parts of sebacic add was 
comminuted by an ultracentrifugal disperser to obtain a curing agent composition H-1 . A melting point of the resulting 
curing agent composition H-1 was detennined by a (}SC220C (manufatured by Seiko Instrument Ind. Co., Ltd., heating 
rate of 5 X/min.) which gave the result of 120 Also, its volume mean particle diameter was determined by a coulter 
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counter (Coulter Electronics Co., Ltd.) which gave the result of 6 |im. 
EXAMPLF 21 : DispenBl on at a Curing Agent CompositTon H-1 1 

[01 85] A mixture containing, by weight, 50 parts of 1 ,1 0-decanedlcaboxylio acid and 50 parts of sebacic acid was 
dispersed in xylene and then groud by a sand grinding mill to obtain a curing agent composition H-1 1 dispersion (solids 
content of 30 wt.%). A fraction of the resulting dispersion was collected and placed uner reduced pressure to remove 
xylene therefrom. Ttie DSC 220C (manufatured bjf Seiko Instnjment Ind. Ca, Ud., heaUng rate of 5 "Ohnin.) revealed 
a melting point of 120 °C, and the coulter counter (Coulter Electronics Co., Ud.) revealed a volume mean particle diam- 
eter of 6 (im. 

EXAMPLE 22: Dispersi on of a Curing Agent Composition H-12 

[DISS] 50 parts by weight of 1 ,1 0-decanedfcaboxylic acid and SO parts by weight of sebacic add were individually 
reduced in size by an ultiacentr'ifugal dispetser, mixed In a Henschel mixer, dispersed in xylene and ground by a sand 
grinding mill to obtain a curing agent composition H-12 dispersion (solids content of 30 wt.%). A fraction of the resulting 
dispersion was collected and placed uner reduced pressure to remove xylene therefrom. The DSC 220C (manufatured 
by Seiko Instniment Ind. Co., Ltd., heating rale of 5 °C/mln.) revealed a melting point of 120 °C; and the coulter counter 
(Coulter Electronics Ca, Ltd.) revealed a volume mean particle diameter of 6 iim. 

EXAMPt-E 23: Dispersion of a Curing Agent Composition H-13 

[P1S7] A mlxtuts containing, l>y weight, 50 parts of 1 ,1 C-decanedicaboxync add and 50 parts of sebacic add was 
chaiged Into a separable flask where It was placed under nitrogen atmosphere and thermally melted at 1 20 °C. The 
melt was cooled Into a solM torni which was subsequently dispersed in xylene and ground by a sand grinding mill to 
obtain a curing agent composition H-13 dispersion (solids content of 30 wt.%). A fraction of the resulting dispersion was 
collected and placed under reduced pressure to remove xylene therefrom. The DSC 220C (manutactuied by Seiko 
Instniment Ind. Co., Ltd., heating rate of 5 "Onnin.) revealed a melting point of 1 1 0 °C, and the coulter counter (Coulter 
Electronks Ca, Ltd.) revealed a volume mean partlde diameter of 6 jun. 

E)(AMPLES 24 - 27: Dfepetsions pf Cu ring Agent Compositmns H-14 through H-17 

[0188] In each Example, the fbrmulalion specified In Table 8 was used. Otherwise, the procedure of Example 22 
was followed to obtain dispersions of curing agent compositions H-14 through H-1 7. Each curing agent composition dis- 
persion was placed under reduced pressure to remove xylene therefrom, and then determined for ntelting point and vol- 
ume mean particle diameter in the same manner as in Example 21 . Ttie results are given In Table 8. Each curing agent 
composition was redlspersed in xylene to provide dispersions (solMs content of 30 »»t%) containing the curing agent 
compositions H-14, H-15, H-16 and H-17, respectively. 
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EXAMPLE 28: Theirnosettina Powder Ooatlnn Cnmp nsl tlon C-27 Pranared by a Pre Process 
[0189] 



CQmponsntS Parts hy W^icj hi; 

epoxy-containing acrylic resin R-11 70 

curing agent composition H-10 20 

yF-3919 (polysiloxane based surface Q.53 
■ conditioning agent manufactured 

by Toshiba Silicone Co., Ltd.) 

benzoin 0.45 

acrylic surface conditioning agent 0.11 

OV absorber 1.2 

hindered amine anti-oxidant 1.0 



IPISO] Tlie above-specified oomponenlswere blended In a Henschel mixertor about 3 minutes and melt kneaded 
at a tempeiHture of about 95 "C by a Co-kneader (manutactured by Buss Co., Ltd.). Tbe resulting melt mixture was then 
cooled to room temperature, crushed by a Henschel mixer and reduced in size by a hammer mill and further by a jet 
mill. The resulting powder was classified by a 200-mesh screen to remove coarse parttoles therefrom, thereby obtaining 
a thermosetBng powder coating composition C-27. The coulter counter (Coulter Electronfcs Co., Ltd.) revealed a vol- 
ume mean particle diameter of 12.8 |un and a number mean particle diameter of 3.1 iim, resulting in the ratio of 4.1. 

COMPARATIVE EXAMPLE 8: Thermosetting Powder Coatlnci Composition C-28 Prepared by a Dry Process 

[0191] The procedure of Example 28 was followed, except thatthe curing agent composition H-10 was replaced by 
the comminuted curing agent obtained In PreparaUon Example 36, to obtain a compatativa thermosetBng powder coat- 
ing composition C-28. The coulter counter (Coulter Etetionfcs Ca, Liri.) revealed a volume mean pattfcle diameter of 
1 3.5 pm and a number mean partkHe diameter of 3.8 pm, resulting in the ratio of 3.6. 
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EXAM PLE g9: Thermoset lina Powder CoflMna Conmosiaon C-29 Prepared by the Wet Process 
[0192] 



Component a Parts hy weight. 

epoxy-containing acrylic resin R-11 130 
solution (resin solids content 
of 60 wt.%) 

curing agent composition H-11 dispersion 75 

(solids content of 30 wt.%) 
YF-3919 (polysiloxane based surface 0.1 

conditioning agent manufactured 

by Toshiba Silicone Co., Ltd.) 
benzoin 0 . 3 

UV absorber 1.2 
hindered amine anti-oxidant 1.0 



IP193] The above-specified components were blended to provide a law material solution. 
[P194] This raw material soluOon was then added to an aqueous polymar conbinlng, by weight, 6 parts of GOSE- 
NOL GH-20 (polyvinyl alcohol manutaMured by Nippon Gosel Kagaloj Co., Ltd., saponmoation level of 83 %, no doud 
point), 3 parts of GOSENOL KL-OS (polyvinyl alcohol manufactured by Nippon Gosei Kagaku Co., Ltd., saponification 
level of 80 %, cloud point of about 80 °C), 1 part of hydroxypropyl cellulose (cloud point of about 50 °C) and 90 parts of 
deionized water. The resulting mixture was further mixed at 25 °C by a homogenizer to prepare a suspension which 
contained primary oil particles having a volume mean particle diameter of 5.0 |im. The resulting dlspeision was diluted 
with 300 parts by weight of deionized water, and then transfen^d to a reaction vessel equiepped with a stirrer, ther- 
moregulator. reflux tube and vacuum apparatus. 

[0195] The suspension was reduced in pressure to 30 Ton-, and then heated to 35 °C. After a time interval, the sus- 
pension was further reduced in pressure to 140 Torr. and then heated to 60 "C, whereby secondary oil particles were 
fanned. Next, a sohnnt present In a dispersed phase was distilled off completely to solidify the primary oil particles into 
parlicles. The resulting suspension was cooled and fllteied under suctjon to collect particles which were subsequently 
dried at 30 °C under a reduced pressure to obtain alhemiosetting powder coating composition C-29. The coulter coun- 
ter (Coulter Electronics Co., Ltd.) revealed a volume mean particle drametar of 12.3 |im and a number mean particle 
diameter of 7.6 iim, resulting in the ratio of 1 .6. 

COMFARATIVE EXAMPLE 9: Thernios etUng PnwdarCoaHno Composition C-30 Pranarad by t h? W Pf~-».~ 

[0196] The procedure of Example 29 was followed, except that the curing agent composrtion H-1 1 dispersion was 
replaced by the curing agent dispersion obtained in Preparation Example 37, to obtain a comparative thermosetting 
powder coating composition C-30. The primary oil particles were found to have a volume mean pattlde diameter of 3S 
|im. For the resulting powder coating composition, the coulter counter (Coulter Eidronlcs Co., Ltd.) revealed a volume 
mean particle diameter of 1 1 .1 |im and a number mean particle diameter of 8.6 |im, resulting In th ratio of 1 .3. 
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EXAMPLES 30 - 34: Themiosellina Powder Coating Co n moaltlnnB n-H thiouoh MS Prepared t» the Mtet Process 



[0197] The procedure of Example 28 was repeated, except that the curing agent composition H-1 1 dispersion was 
replaced by the («speision of curing agent composition H-13, H-1 4, H -1 5, H-1 B or H-1 7, to obtain thermosetting powder 
coating compositions C-31 through C-35. In each Example, a volume mean particle diameter of the primary oil particles 
formed, as well as volume and number mean particle diameters of the resull'ng powder coatlpg composition, were 
determined in the same manner as In Example 28. The ratio of the volume to number mean particle diameter was also 
calculated from therefrom. The results are shown In Table 9. 

EXAMPLE 35: Thermosetting Powder Coatinn Co m position C-m Prepared by the Wet Process 

[0198] The procedure of Example 29 was followed, except that 1 30 parts by weight of the epoxy-containing acrylic 
nesin R-1 1 solution was altered to a mixture of 100 parts by weight of the epoxy-containIng acrylic resin R-12 solution 
and 30 parts by weight of the epoxy-oontalning acryfc resin R-1 3 solution and that the curing agent composition H-1 1 
dispersion was replaced by the curing agent composition H-14 dispersion, to obtain a thermosetting powder coating 
composition C-36. T?ie primary oil particles produced were determined to have a volume mean particle diameter of 4.5 
|im. For the resulting powder coating composition, the coulter counter (Coulter Eldronics Co., Ltd.) revealed a volume 
meanparticledlameterofS.5pmandanumbermean particle dlameterof6.9Mm,resultingintherBtioof1.4. 

EXAMPLE 36: Ther mosetting Powder Coating Composition C-37 Prepared by the Wet Process 

[0199] The procedure of Example 29 was followed, except that 130 parts by weight of the epoxy-containing asrylic 
resin R-1 1 solution was altered Id a mixture of 70 parts by walght of the epoxy^»nlaInIng acrylic resin H-1 4 solution 
and ao parts by weight of the epoxy-contalning acrylic resin R-1 5 solution and that the curing agent composition H-1 1 
dispersion was replaced by the curing agent composib'on H-14 dispersion, to obtain a thermosetting powder coating 
composition C-37. The primary oil particles produced were detemiined to have a volume mean particle diameter of 4.1 
Hm. For the resulting powder coating composition C-37, the coulter counter (Coulter Eldronics Co., Ltd.) revealed a vol- 
ume mean partids diameter of 1 1 .2 pm and a number mean particle diameter of 8.9 pm, resulting in the ratio of 1 .3. 

COMPARATIVE EXAMPLE 10: T hermosetHnr; Powder Coating Composition 0-3R Prepared by the Wet Pmcaggi 

[0200] The procedure of Example 35 was followed, except that the curing agent composition H-14 dispersion was 
replaced by the curing agent dispersion obtained in Preparation Example 37, to obtain a thermosetting powder coating 
composition C-3B. The primary oil particles produced were detemiined to have a volume mean partida dianeter of 4.1 
pm. For the resulting powder coating composition, the coulter counter (Coulter Etenonics Co., Ltd.) revealed a volume 
mean particle diameter of 1 0.5 pm and a number mean particle diameter of 7.5 pm, resulting in the ratio of 1 .4. 

CQMR^RATIVE EXAMPLE 1 1 : ThetmosetHno Powder C oaUna Composition C-39 Prepared bv the Wet Process 

[0201] The procedure of Example 36 was followed, except that the curing agent composition H-14 dispersion was 
replaced by the curing agent dispersion obtained in Preparation Example 37, to obtain a thermosetting powder coating 
composition C-39. The prtnary oil particles produced were determined to have a volume mean particle diameter of 4.6 
|im. Fbrthe resulting powder coating composition, the coulter counter (Coulter Eldronics Co., Ltd.) revealed a volume 
mean particle diameter of 1 0.3 jim and a number mean partide diameter of 7.5 pm, resulting in the ratio of 1 .4. 
IP202] Table 8 fists the volume mean particle diameters of primary oil particles, the volume mean and number mean 
particle diameters of thermosetting powder coating compositions and the ratios of the volume to number mean partide 
diameter, respectively obtained in the above Examples 28 -36 and Comparative Exan^les 8-11. 

EVALUAnON TESTS 

[0203] The themiosetting powder coating compositions obtained In Examples 28 - 36 and Comparative Examples 
8 - 1 1 were evaluated for performances according to the tbllowlng procedures. The results are reported in Table 9. 

A. Visual Examination of a fflm Appearance 

[0204] Each thermosetting powder coating composition was applied electrostatically onto an iron plate and baked 
at 145 "C for 25 minutes to form a coating film having a thickness of 60 )im. The resulting coating film was visually 
observed for Its appearance. In Table 9, the coating film, unless accompanied by a hazing phenomenon, is indicated by 
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a laOng of *0*. and, If accompanied, by a ratio of 'X'. 

B. SfTipothness 
s p)205] 

1 ) Smoothness of a coating film on an iron plate: 

An appearance of the coating film formed on the iron plate in tfte above, test was evaluated in terms of an NSiC 
value (%) when determined by an image sharpness measuring apparatus (manufactured by Suga testing maciiine 
'0 Co., Ltd.). Tlie coating films having an NSIC value of 65 % or higher were rated as being satisfactory. 

2) Smoothness of a coating film on a water-borne basecoat 

SUPERLAC M260-SILVIER (water-borne metallic basecoat manufactured by Nippon Paint Ca, Ltd.) was 
applied electrostaOcally on an inteicoated aubstrate to a dry thickness of 10 - 20 |im, and provisionally heated in a 
hot-air oven controlled at 80 °C for 1 0 minutes. After the substrate was cooled Id room temperature, each themno- 

15 setting powder coating composition was applied electrostatically on the basecoat to a thicl<ness of 50 pm and 
baited in the hot-air drying oven controlled at 145 "C for 25 minutes. After completion of bai<ing, the substrate was 
fallen out from the oven and left to stand. As the substrate temperature dropped to ambient, the smoothness of the 
resulting coating film was evaluated In terms of an NSIC value (%) as measured by an Image sharpness measuring 
apparatus (manufactured by Suga testing machine Ca, Ltd.). Tfie coating films having an NSIC value of 60 % or 

20 higher were rated as being satisfactory. 

The aforementioned intercoated substrate was prepared by electradepositing POWERTOP U-50 (automobiie- 
use catlonb electtodeposition coating manufactured by Nippon Paint Co., Ltd.) onto a zinc phosphated dull steel 
plate to a dry thickness of about 25 |im, baking the deposited l^r at16O°Cfbr30mInutes, slecttoslatkally depos- 
iting ORGA P-2 (Intercoat composition manufactured by Nippon Paint Co., Ltd.) onto the undercoat to a dry thlck- 

35 ness of about 40 |im, and baking the applied Isyer at 140 "C for 30 minutes. 

C. storage Stability 

[0206] Each thermosetting powder coating composltk>n was stored In a 30 °C Incubator for 2 months and subse- 
30 quentV subjected to sieving with a vibrating ISO-mesh screen. The coating composltnn, if a 85 % or higher propott'on 
thereof passed through the screen openings, was found as being satislactory. 

D. Resistance to Soll d-Phaaa Reaction 

35 [0207] Each thermosetting powder coating composition was stored in a 30 °C incubator for 2 months, and the rate 
of its change in weight average molecular weight was detennlned by GPC. It was also subjected to the above-described 
smoothness test on an Iron plate, and the resulting coating film, if exhibited an NSIC value of 65 % or higher, was rated 
as being satisfactory 
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[0208] The thermosetting powder coating compositions according to the first aspect of the present invention, 
because of its indusion of the thermosetting resin, curing agent and fine crosslinked resin particles and its production 
by the wet process, ochlbit improved storage ^abili^ and, when ^plied onto a substrate and heated, result in coaling 
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films which show little occurrence of sagging as a result of melt flow of the composition on vertical or curved surface 
portions of the Eut»tiiate and which are excellent in smoothness and appearance. This is considered due to the inclu- 
sion of fine crossllnked resin particles which, when applied and heated, act on each other to develop a structural vis- 
cosity. 

[0209] The thermosetting powder coating compositions according to the second aspect of the present invention, 
because of its inclusion of the epoxy^;ontaining acrylic resin, poiy-carboxylic acid compound curing agent and resin 
which exists in the liquid form at room temperature and its production by the wet process, exhibit ImptDved storage sta- 
bility and can provide coating films excellent In smoothness. Tills is considered due to the inclusion of the room temper- 
ahjne Bquid-fbmi resin which, when applied and heated, serves to reduce a melt viscosity to result in the improved 
fluidity. Another attributing factor may be the limited application of heat, during production of the coating compositions, 
which suppresses solid-phase reactions between the fomnulation components. 

[0210] In the first and second aspects of the present invention, the incorporation of the particular resins A and B 
different in type from each other in the aforementioned epoxy-containing aotyliD resin further improves the storage sta- 
bility of coating compositions and smoothness of resulting coating films. During the wet process production of powder 
coating compositions, the resin A having a higher Tg and SP value is believed to exist at a shell vrall of a powder particle 
sun-ounded by dispersing water in the increased concentration compared to the resin B, resulting in the increased Tg 
of the particle shell wall relative to the particle interior. This is considered to have provided the improved blocking resist- 
ance to the thermosetting powder coaling composMons of the present Invention. Mso, the overall Tg of the thermoset- 
ting powder coating composition is made lower than the Tg of the particle shell walls. This is considered to further 
improve the smoothness of resulting coating films. 

[021 1 ] In the partlcu lar cases where the polycarboxyllc acid compound curing agent includes the two types of com- 
pounds and shows the specific behaviors, the resulting coating films have the improved appearance. This is considered 
due to the increased compatlbiniy of a whole system as a result of the reduced cohesive force of the curing agent. Also, 
since the melting point of the poiycarisKtyrio add compound curing agent can be adjusted to lower values, the heating 
temperature can also be made lower. 

[0212] The thermosetting powder coating compositions including the curing agent composition according to the 
thim aspect of the present invention result in coating films which present good appearance and show the reduced 
occurrence of a hazing phenomenon. The use of the curing agent compos'nion of the present invention is considered Id 
decrease the curing agent coheslveness so that the curing agent composition, when the coating composition is applied 
and thermally melted, serves to improve the compatibility of a whole system. 

[0213] Also, the curing agent composition according to the third aspect of the present invention shows a DSC 
aljsorption curve different from the curves from pure components, le., from the polycattioxylic add compound (b-1 ) and 
caiboxylic add compound (1^2), and, when applied and allowed to thermally melt, exhibils a unique behavior different 
from that of a simple mixture of the two pure components. This Is considered to have led to the improvement in appeer- 
ance of resulting coating films. 

[0214] The further improvement in appearance of coating films can be achieved if the curing agent composition is 
prepared by mixing the poiycarboxylic acid compound (b-1 ) and cartwxylic acid compound (b-2). both In the liquid fomi. 
This is considered due to the Improved cohesion of the resulting curing agent composition. That is, the both compounds 
are believed to be intenningled more sufficiently on a molecular l»el when they aro mixed in the liquid ionn than when 
they are mixed in the conventional form. 

[0215] Fi5r the curing agent composition of the present invention, its melting point can be made lower. With the use 
of this low-metting curing agent composition, thermosetting powder coatings containing an add/epoxy curing system 
can be rendered low-temperature curable. 

[0216] The thermosetting powder coating composition of the present Invention result In a coating film with least 
occun-ence of a hazing phenomenon. This permits high loading of the curing agent composition, leading to the 
improved crosslinking density of the resulting coating film. 

[021 7] The thermosetting powder coating composition of the present invention has a narrow partide size distribu- 
tion with particles being uniform In shape, it accordingly contains en extremely small quantity of dust and, when tecov- 
SKi, can be reused lll<e fresh coatings It also exhibits improved coating operation chaiadertstlcs such as 
ttansportabllity and transfer efficiency. Furthenttore, when applied in the form of a thin film. It results in a smooth coating 
film. 

[021 8] As a result of using the aforementioned thermosetting powder coating composition, the practice of the mul- 
til^r film foimlng method of the present Invention results In the provteion of coating films excellent In smoothness. 
Therefore, the multilayar film ibrmlng method of the present invention can be advantageously applied to automotive 
bodies to provide smooth multilayer films thereon. 
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1. A thermosetting powder coating composition prepared by a wet process, said composition containing a mixture 
comprising: 

(a) an epoxy-containing acrylic resin; 

(b) a polycarboxylic acid compound curing agent; and 

(c) fine crD88linl(ed resin particles. 

2. Tile thermosetting powder coating composition of claim 1 , said wet process comprising the steps of; 

(1 ) allowing said components (a), (b) and (c) to dissolve or disperse in an organic solvent to provide a solution; 

(2) adding said solutiDn to an aqueous solution containing a water-soluble polymer that has a cloud point in the 
30 - 90 "C temperature range and mixing them at a temperature below said doud point to provide a suspension 
containing primary oil particles; and 

(3) heating said suspension to a temperature equal to or higher than the cloud point to form secondary oil par- 
ticles and distilling off said organic solvent from a system to collect particles. 

3. Tlie thennosetting powder coaling compos'rtion of claim 2 wherein said organ'rc solvent Is distilled off from a system 
in said step (2). 

4. The thermosetting powder coating composition of dalm 2 or 3, wherein said aqueous solution further contaiins a 
water-soluble polymer that does not have a doud point. 

5. The thennosetting powder coating composition of any one of claims 1 - 4, wherein sard epoxyK»ntainlng acrylic 
resin (a) contains an epoxy-contalning acrylle resin A and an epoxy-containing acrylic resin B, and said resins A 
and B satisfy the following relationships: 

(1 ) (SPa - SPb) Is within the range of 0.2 - 1 .5, where SP^ = solubility parameter of resin A and SPg = solublllly 
parameter of resin B; 

(2) Tg(A) - Tg(B) £ 1 0 °Q where Tg(A) = glass transitlDn temperature of resin A and Tg(B) = glass ttansifion 
temperature of resin B; 

(3) T9(A) is within the range of 40 - 1 00 °C and Tg(B) is within the range of 20 - SO °C; and 

(4) a ratio In solids weight of resin A to B is within the range of S/9S - SOffiO. 

6. The thermosetting powder coating composition of any one of claims 1 - 5, wherein said polycarboxylic add com- 
pound curing agent (b) contains a polycarboxylrc add compound (b-1) vrttich exists in a crystalline solid form at 
room temperature and a carboxyllo add compound (b-2) dissimilar in type to said polycarboxylic add compound 
(t>-1), and wherein: 

(I) said polycarboxylic acid compound curing agent (b) exists In the solid fomn at room temperature; and 
(I I) a melting point of the polycarboxylic add compound curing agent (b), as determined by a differential scan- 
ning calorimeter, is lower than a melting point of said polycarboxyTic acid compound (b-1) or said carboxylic 
acid compound (t>-2). 

7. The thermosetting powder coating composition of any one of claims 1 - 8, wherein said mixture further contains a 
resin (d) which exists in the liquid fbmi at room temperature, and wherein: 

(1) (SPb- SPd) Is within the range of 0.01 -1.5, where SPdisasolubllity parameter of resin (d):and 

(2) asondswelghtofsaldrean (d) Is 5 - 70 parts, based on 100 parts of the total solids weight of the afbie- 
mentioned epoxy-containing acrylic resin (a) and resin (d). 

8. Thethennosettingpowdercoatingcomposltlonofanyaneofdairnsl -7, wherein said thennosetting powder coat- 
ing composition Is a thermosetting powder clear coating composition. 

9. A multllayerfllm forming method comprising the steps of: 

applying a basecoat layer onto an undercoaled and optionally Intercoated substrate; 
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applying the powder coating composition of any one of claims 1 - 8 onto said baseooat layen and 
heating said substrate carrying thereon the basecoat and powder coating l^is. 

10. A mult'lEyer film piepaisd according to the method of dalm 9. 

11. A method for producing a thermosetting povKder coating composition comprising the steps of: 

(1) providing (a) an epoxy-contalning acrylic resin, (b) a polyeaitjoxyllc add compound curing agent; and (c) 
fine crosslinked resin particles; 

(2) allowing said components (a), (b) and (c) to dissolve or disperse In an organic solvent to provide a solution; 

(3) adding said solution to an aqueous solution containing a water-soluble polymerthat has a cloud point in the 
30 - 90 °C temperature range and mixing them at a temperature below said doud point to provide a suspension 
containing primary oil particles; and 

(4) heating said suspension to a temperature equal to or higher than the cloud point to torn secondary oil par- 
ticles and distilling off said organic solvent from a system to collect particles. 

12. A thermosetting powder coating composBon prepared by a wet process, said composition containing a mixture 
comprising: 

(a) an epoxy-containing acrylic res'm; 

(b) a poiycarboxylic acid compound curing agent; and 

(d) a resin which exists In the liquid fomi at room tempeiatuta. 

13. The thennosettlng powder coating composition of claim 12, said wet process comprising the steps of: 

(1) allowing said components (a), (b) and (d)to dissolve or disperse in an organic solvent to provide a solution; 

(2) adding said solution to an aqueous solution containing a water-soluble polymerthat has a doud point in the 
30 - 90 "C temperature range and mbdng them at a temperature below said doud point to provide a suspension 
containing primary oil particles; and 

(3) heating said suspension to a temperature equal to or higher than the doud point to tomi secondary oil par- 
tides and distilling off said organic solvent from a system to collect partides. 

14. Tlie thermosetting powder coating composition of claim 13, wherein said organic solvent Is distilled off from a sys- 
tem in said step (2). 

15. The thermosetting powder coating composition of dalm 13 or 14, wherein said aqueous solution further contains a 
water-soluble polymer that does not have a doud poim. 

16. The thennosettlng powder coating composition of anyone of claims 12-15, wherein said epoxyconlBining acrylic 
resin (a) contains an epoxy-ccntalnlng acrylic resin A and an epoxy-containing acrylic resin B, and wherein: 

(1 ) a number average molecular weight of said resin A is in the range of 2,000 - 4,000; 

(2) Tg(A) Is within the range of 40 - 1 00 °C, where Tg(A) Is a glass transition temperature of the resin A; 

(3) Tg(A) - Tg(B) £ 1 0 °C, where Tg(B) is a glass transiHon temperature of said resin B; 

(4) (SPa - SPq) is within the range of 0.2 - 1 .5, where SPa Is a solubility parameter of the resin A and SPg is a 
solubility parameter of the resin B; 

(5) a solids weight of the resin B Is 50 - 95 % of the total soHds weight of said epoxy-oontalnlng acrylic resin (a); 

(6) (SPb - SPd) is within the range of 0.01 - 1.5, where SPj is a solubillly parameter of said resin (d); and 

(7) a solids weight of the resin (d) Is 5 - 70 parts, based on 100 parts of the total solids weight of ttie epoxy- 
containing acrylic resin (a) and resin (d). 

17. The thermosetting powder coating composition of any one of claims 12-16, wherein said resin (d) has a number 
average molecular weight of 200 - 5,000. 

18. The thennosettlng povuder coating composition of any one of claims 12-17, wherein said resin (d) is at least one 
selected fram the group consisting of a polyester resin, an acrylic resin, a polyol compound and a polyepoxy com- 
pound. 
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1 9. The themiosetting powder coating composition of any one of claims 12-18, wherein said resin (d) has a functional 
group curable with said epoxy-containing acrylic resin (a) or said polycarboxylic add compound curing agent (b). 

20. The thermosetting powder coating composition of any one of dahis 12-19, wlierein said polycarboxylic add com- 
pound curing agent (b) contains a polycaiboxyllc acid compound (b-1) wtlich exists in a ciystalline solid form at 
room temperature and a carboxylic add compound (b-2) dissimilar In type to said polycarboxylic add compound 
(b-1), and wherein: 

(I) said polycait)oxylic add compound curing agent (b) exlBls in the solid form at room tempeiatute; end 

(II) a melting point of ttie polycarboxylic add compound curing agent (b), as detennlned by a differential scan- 
ning calorimeter, is lower than a melting point of said polycaiboxyllc add compound (b-1) or said carboxylic 
acid compound (t>-2). 

21. The themiosetting powder coating composition of any one of dalms 12-20, wlierein said thermosetting powder 
coating composition is a thermosetting powder clear coating composftion. 

22. A multilayer film forming method comprising the steps of: 

applying a basecoat layer onto an undeicoated and optionally intercoated substrate; 

applying the powder coating oomposltlon of any one of claims 12-21 onto said basecoat l^r; and 

heating said substmte carrying thereon the basecoat and powder coating layers. 

23. A multilayer film prepared according to the method of dalm 22. 

24. A method for producing a themiosetting powder coating composition comprising the steps of: 

(1) providing (a) an epoxy-containing acrylic resin, (b) a polycarboxylic acid compound curing agent and (d) a 
resin that exists In the Prquid form alt room temperature; 

(2) allowing said components (a), (b) and (d) to dissohw or disperse in an otganio solvent to piwide a solution; 

(3) adding said solution to an aqueous solution containing a water-soluble polymer that has a doud point In the 
30 - 90 °C temperature range and mixing them at a temperature below said cloud point to pRwide a suspension 
containing primary oil partldes; and 

(4) heating said suspension to a temperature equal to or higher than said doud point to fonn secondary oil par^ 
tides and distilling off said organic solvent from a system to collect partldes. 

25. A curing agent composition comprising a polycart)oxyIIc acid compound (b-l) that exists In a crystalline solid form 
at room temperature and a carboxylic add compound (b-2) dissimilar in type to said polycarboxylic add compound 
(b-1), wherein; 

(1 ) said curing agent composition exisis in the solid form at room temperature; and 

(2) a melting point of the curing agent composition, as determined by a drfferential scanning calorimeter, is 
lower than a melting point of said polycartjoxylic acid compound (b-1 ) or said caiboxylic add conpound (b-2). 

26. The curing agent composition of dalm 2S, wherein the melting point of said curing agent composition is In tile range 

of60-180°C. 

27. The curl ng agent composition of dalm 25 or 26, wherein the melting point of said curing agent composition Is lower 
than that of said polycarboxylic acid compound (b-1) end lower than ttiat of said caibcxyrrc add compound (b-2). 

28. The curing agent composition of any one of dalm 25 - 27, wherein a weight ratio of said polycarboxylic add com- 
pound (b-1) to said carboxylic add compound (b-2) is In the range of 50:50 - 99:1 . 

29. The curing agent composition of any one of dalm 25 - 28, wherein said polycartjoxylic add compound (b-1) is 
decanedicarboxyl'rc add. 

30. A method of producing a curing agent composition by mixing a polycarboxylic acid compound (b-1) which exists In 
a crystalnne solid form at room temperature with a carboxylic acid compound (b-2) dissimilar In type to said poly- 
cartjoxylic acid compound (b-1), wherein: 
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(1) said curing agent composition exists in the soiid form at room temperature; and 

(2) a melting point of the curing agent composition, as determined by a differential scanning calorimeter, Is 
lower than a melting point of said polycarboxyllc acid compound (b-1 ) or said carboxyllc add compound (b^. 

31. The method of claim 30 wherein said polycarboxyllc acid compound (b-1) and said carboxyllc ackJ compound (b-2) 
ate mixed In the liquid Ibrni. 

32. Ths method ci claim 31 wherein the mixing Is achieved by dissolving said polycarboxyllc add compound (b-1 ) and 
said carlxixyllc add compound (b-2) simultaneously into a solvent. 

33. The method of claim 31 wherein sard polycarboxyllc acid compound (b-1 ) and said carboxyllc add compound (b-2) 
are brought Into the liquid form by allowing them to melt simultaneously. 

34. A thermosetting powder coating composition containing an epoxy-containing acrylic resin and the curing agent 
composition of any one of claims 25 - 29. 

35. A themiosetting powder coating composition prepared from an epoxy-containing acrylic resin and the curing agent 
composition of any one of daims 25 - 29 by a wet pnscess. 

36. Tlie thermosetting powder composition of claim 35, wherein said wet process comprising the steps of: 

(1) allowing said epoxy-containing acrylic resin and curing agent conposiUon to dissolve in an organic solvent 
to provide a sduHon; 

(2) allowing said solution to mix with an aqueous solution containing a water-soluble polymer to provide a sus- 
pension containing primary oil parHdes; and 

(3) allowing said primary oil particles in the suspension to soHdify to thereby collect particles. 

37. A multilByerfiim forming method comprising the steps of: 

applying a basscoat layer onto an undetcoated and optionally Intercoated substrate; 

applying the thermosetting powder coating composition of any one of daims 34 - 36 onto said basecoat layer; 

and 

heating said substrate canying thereon the basecoat and powder coaHng layers. 

38. A multileyar film prepared according to the multilayer film fbrming method of dalm 37. 
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